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Materials and Methods  
Unless otherwise stated, reactions were performed in flame-dried glassware under an argon 
or nitrogen atmosphere using dry, deoxygenated solvents.1 Solvents were dried by passage through 
an activated alumina column under argon. Reaction progress was monitored by thin-layer 
chromatography (TLC) or Agilent 1290 UHPLC-MS.  TLC was performed using E. Merck silica 
gel 60 F254 precoated glass plates (0.25 µm) and visualized by UV fluorescence quenching, p-
anisaldehyde, CAM, or KMnO4 staining. Silicycle SiliaFlash® P60 Academic Silica gel (particle 
size 40–63 nm) was used for flash chromatography. 1H and 13C NMR spectra were recorded on a 
Varian Inova 500 (500  MHz and 125 MHz, respectively) and a Bruker AV III HD spectrometer 
equipped with a Prodigy liquid nitrogen temperature cryoprobe (400 MHz and 100 MHz, 
respectively) and are reported in terms of chemical shift relative to CHCl3 (δ 7.26 and δ 77.16, 
respectively), CD2Cl2 (δ 5.32 and δ 53.84, respectively), (CD3)2SO (δ 2.50 and δ 39.52, 
respectively) and CD3CN (δ 1.94 and 118.26). Data for 1H NMR are reported as follows: chemical 
shift (δ ppm) (multiplicity, coupling constant (Hz), integration). Multiplicities are reported as 
follows: s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, sept = septuplet, m = multiplet, 
br s = broad singlet, br d = broad doublet, br t = broad triplet, app = apparent. Some reported 
spectra in CDCl3 include minor solvent impurities of water (δ 1.56ppm), ethyl acetate (δ 4.12, 
2.05, 1.26 ppm), dichloromethane (δ 5.30 ppm), acetone (δ 2.17 ppm), grease (δ 1.26, 0.86 ppm), 
and/or silicon grease (δ 0.07 ppm), which do not impact product assignments.2 Data for 13C NMR 
are reported in terms of chemical shifts (δ ppm). IR spectra were obtained by use of a Perkin Elmer 
Spectrum BXII spectrometer using thin films deposited on NaCl plates and reported in frequency 
of absorption (cm-1). Optical rotations were measured with a Jasco P-2000 polarimeter operating 
on the sodium D-line (589 nm), using a 100 mm path-length cell, and are reported as [α]DT 
(concentration in g/100 mL, solvent). Analytical SFC was performed with a Mettler SFC 
supercritical CO2 analytical chromatography system utilizing Chiralpak OD-J column (4.6 mm x 
25 cm) obtained from Daicel Chemical Industries, Ltd. High resolution mass spectra (HRMS) were 
obtained from the Caltech Mass Spectral Facility using a JEOL JMS-600H High Resolution Mass 
Spectrometer in fast atom bombardment (FAB+) or electron ionization (EI+) mode, or Agilent 
6200 Series TOF with an Agilent G1978A Multimode source in mixed ionization mode (MM: 
ESI/APCI). 
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Low-temperature diffraction data (φ-and ω-scans) were collected on a Bruker AXS D8 
VENTURE KAPPA diffractometer coupled to a PHOTON II CPAD detector Cu Kα radiation (λ = 
1.54178 Å) from an IµS micro-source for the structure of compound V20141. The structure was 
solved by direct methods using SHELXS3 and refined against F2 on all data by full-matrix least 
squares with SHELXL-20174 using established refinement techniques.5 All non-hydrogen atoms 
were refined anisotropically. All hydrogen atoms were included into the model at geometrically 
calculated positions and refined using a riding model. The isotropic displacement parameters of 
all hydrogen atoms were fixed to 1.2 times the U value of the atoms they are linked to (1.5 times 
for methyl groups). All disordered atoms were refined with the help of similarity restraints on the 
1,2- and 1,3-distances and displacement parameters as well as enhanced rigid bond restraints for 
anisotropic displacement parameters. 
Reagents were purchased from Sigma-Aldrich, Acros Organics, Strem, or Alfa Aesar and 
used as received unless otherwise stated. n-butyllithium was titrated prior to use according to the 
method of Gilman.6 Di-iso-propylamine was distilled from calcium hydride immediately prior to 
use. NBS was purchased from Sigma Aldrich, recrystallized from H2O, and stored in a –25 °C 
freezer. PhNHNH2•HCl was purchased from Sigma Aldrich, recrystallized from H2O and EtOH, 
and stored in a –25 °C freezer. Sn(OTf)2 was purchased from Sigma Aldrich and opened in a 
nitrogen-filled glove box. MeOH was distilled from magnesium methoxide immediately prior to 
use. Allyl cyanoformate,7 (R)-(CF3)3-t-Bu-PHOX 16, 8  dioxolane 18,9  and tetrazole 3210  were 
prepared by known methods.  
 
List of Abbreviations: 
ee – enantiomeric excess, SFC – supercritical fluid chromatography, TLC – thin-layer 
chromatography, IPA – isopropanol, LiHMDS – lithium bis(trimethylsilyl)amide, dba – 
dibenzylideneacetone, HPLC – high-performance liquid chromatography, Bz – benzoyl, DMAP – 






 SI 4 
Synthesis of β-amidoester 15. 
 
N-Benzoyl δ-valerolactam 12: Following a modified procedure described by Gigant,11 a flame-
dried 1-L flask with stir bar was charged with δ-valerolactam (11) (9.9 g, 100.0 mmol, 1.0 equiv) 
and THF (500 mL, 0.2M), then cooled to –78 °C. n-butyllithium (2.30M in hexanes, 43.0 mL, 99.0 
mmol, 0.99 equiv) was added slowly and the solution was stirred at –78 °C for 30 minutes. Benzoyl 
chloride (12.8 mL, 110.0 mmol, 1.1 equiv) was added dropwise, and the solution was stirred at –
78 °C for 30 minutes. The reaction flask was removed from the cooling bath and warmed to 23 °C 
over 30 minutes. The reaction was quenched with saturated ammonium chloride, transferred to a 
separatory funnel, and extracted with diethyl ether three times. The combined organic extracts 
were washed with brine, dried with magnesium sulfate, and concentrated in vacuo to afford an 
amorphous solid. This solid was recrystallized from toluene to afford N-benzoyl δ-valerolactam 
12 (18.41 g, 94% yield) as a white crystalline solid. 1H NMR (400 MHz, CDCl3) δ 7.61 – 7.52 (m, 
2H), 7.52 – 7.42 (m, 1H), 7.42 – 7.33 (m, 2H), 3.80 (ddd, J = 6.3, 5.0, 1.0 Hz, 2H), 2.63 – 2.49 
(m, 2H), 2.06 – 1.88 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 174.7, 173.5 136.1, 131.5, 128.2, 
127.9, 46.2, 34.7, 22.9, 21.5; IR (Neat Film, NaCl) 2961, 1673, 1388, 1286, 1265, 1159, 1146, 734 
cm–1; HRMS (FAB+) m/z calculated for C12H14NO2 [M+H]+: 204.1025, found 204.1024. Data 
were consistent with literature values.11 
 
Allyl ester 14: Following the procedure described by Behenna,12 a flame-dried 1-L three-neck 
round bottom flask equipped with low temperature thermometer and stir bar was charged with 
THF (460 mL) and freshly distilled diisopropylamine (12.93 mL, 91.62 mmol, 1.2 equiv). The 
flask was cooled to –78 °C and a solution of n-butyllithium (2.44M in hexanes, 34.4 mL, 84.0 
mmol, 1.1 equiv) was added slowly. The flask was warmed to 0 °C and stirred for 30 minutes, at 





THF, –78 °C, 30 min
then BzCl
–78 → 23 °C, 1h





–78 → –30 °C, 3h
then allyl cyanoformate 13
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 A separate 250-mL round-bottom flask was charged with benzoyl lactam 12 (15.50 g, 76.4 
mmol, 1.0 equiv) and THF (95 mL). The solution was slowly transferred to the reaction flask via 
cannula (NOTE: the internal temperature of the reaction should not exceed –70 °C). Upon 
complete addition, the reaction mixture was stirred for 2 hours at –78 °C, then 1 hour at –30 °C. 
The flask was re-cooled to –78 °C before allyl cyanoformate 13 was added dropwise (9.33g, 84.0 
mmol, 1.1 equiv). The reaction mixture was stirred at –78 °C for 2 hours, then slowly warmed up 
to 23 °C over 14 hours.The reaction was quenched with saturated ammonium chloride, transferred 
to a separatory funnel, and extracted with diethyl ether three times. The combined organic extracts 
were washed with brine, dried with sodium sulfate, and concentrated in vacuo. Flash column 
chromatography (15→ 20 → 25 → 30% ethyl acetate/hexanes) afforded allyl ester 14 (15.34 g, 
70% yield) as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.72 – 7.66 (m, 2H), 7.51 – 7.45 (m, 
1H), 7.41 – 7.35 (m, 2H), 5.95 (ddt, J = 17.2, 10.4, 5.9 Hz, 1H), 5.37 (dq, J = 17.2, 1.5 Hz, 1H), 
5.29 (dq, J = 10.4, 1.2 Hz, 1H), 4.69 (dq, J = 5.9, 1.4 Hz, 2H), 3.88 – 3.76 (m, 2H), 3.59 (t, J = 6.3 
Hz, 1H), 2.39 – 2.30 (m, 1H), 2.22 – 2.13 (m, 1H), 2.12 – 2.02 (m, 1H), 2.01 – 1.90 (m, 1H); 13C 
NMR (100 MHz, CDCl3) δ 174.6, 169.6, 169.3, 135.4, 131.9, 131.4, 128.3, 128.2, 119.3, 66.4, 
51.1, 46.3, 25.5, 20.7; IR (Neat Film, NaCl) 2960, 1737, 1674, 1448, 1389, 1285, 1259, 1146, 986, 
946, 824, 799, 732, 704, 670 cm–1; HRMS (FAB+) m/z calculated for C16H18NO4 [M+H]+: 
288.1236, found 288.1265. Data were consistent with literature values.12	 
 
β-amidoester 15: To a flame-dried 1-L round-bottom flask with stir bar was added allyl ester 14 
(15.33 g, 53.4 mmol, 1.0 equiv) and dichloromethane (390 mL). Cesium carbonate (76.7 g, 235.5 
mmol, 4.4 equiv) was added, and the heterogeneous mixture was stirred for 10 minutes at 23 °C. 
Ethyl iodide (18.8 mL, 235.5 mmol, 4.4 equiv) was then added dropwise, and the reaction mixture 
was stirred for 24 hours. The reaction was quenched with ammonium chloride and extracted with 
dichloromethane (5X). The combined organic extracts were washed with brine, dried with sodium 
sulfate, and concentrated in vacuo. Flash column chromatography (15%→20%→25%→30% 
diethyl ether/hexanes) afforded the desired β-ketoester 15 (14.95g, 89% yield) as a light yellow 
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5.98 (ddt, J = 17.2, 10.4, 5.9 Hz, 1H), 5.40 (dq, J = 17.2, 1.5 Hz, 1H), 5.33 (dq, J = 10.4, 1.2 Hz, 
1H), 4.73 (dt, J = 5.9, 1.3 Hz, 2H), 3.86 – 3.71 (m, 2H), 2.47 – 2.38 (m, 1H), 2.05 – 1.82 (m, 5H), 
0.91 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 175.1, 172.1, 171.9, 136.0, 131.7, 131.5, 
128.1 (2C), 119.7, 66.5, 57.0, 46.6, 29.9, 28.7, 20.4, 9.2; IR (Neat Film, NaCl) 2963, 1731, 1680, 
1448, 1386, 1264, 1187, 1136, 1025, 797, 723, 694, 660 cm–1; HRMS (FAB+) m/z calculated for 
C18H22NO4 [M+H]+: 316.1549, found 316.1547.  Data were consistent with literature values.12 
 
Pd-Catalyzed Decarboxylative Allylic Alkylation Reaction 
 
	
Enantioenriched N-benzoyl lactam 17: A 500-mL Schlenk flask with stir bar was flame-dried 
and brought into a nitrogen-filled glove box. The flask was charged with palladium (II) acetate 
(103.5 mg, 0.461 mmol, 0.010 equiv), (R)-CF3-t-Bu-PHOX 16 (1.37g, 2.31 mmol, 0.05 equiv), 
and MTBE (190 mL) before it was sealed, removed from the glovebox, and heated to 40 °C for 30 
minutes.  
 In a separate flask, racemic β-amidoester 15 (14.53 g, 46.1 mmol, 1.00 equiv) was 
dissolved in MTBE, then transferred to the Schlenk flask via cannula. The Schlenk flask was sealed 
once again and heated to 60 °C for 48 hours; to remove the overpressure of carbon dioxide 
generated during the reaction, the flask was connected to a nitrogen-containing Schlenk line and 
vented for about 3 seconds every hour for the first eight hours, then every 12 hours thereafter.  
 After complete consumption of the starting material, as determined by TLC, the flask was 
cooled to room temperature, its content were transferred to a round-bottom flask and concentrated 
in vacuo. Flash column chromatography (15%→20%→25% diethyl ether/hexanes) then afforded 
enantioenriched lactam 17 (11.40 g, 91% yield, 92% ee) as a colorless oil. 1H NMR (400 MHz, 
CDCl3) δ 7.54 – 7.49 (m, 2H), 7.49 – 7.43 (m, 1H), 7.41 – 7.35 (m, 2H), 5.73 (dddd, J = 16.5, 
10.6, 7.6, 7.0 Hz, 1H), 5.17 – 5.04 (m, 2H), 3.85 – 3.71 (m, 2H), 2.51 (ddt, J = 13.8, 7.0, 1.3 Hz, 
1H), 2.27 (ddt, J = 13.7, 7.6, 1.1 Hz, 1H), 2.08 – 1.92 (m, 2H), 1.92 – 1.78 (m, 3H), 1.78 – 1.63 
(m, 1H), 0.91 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 178.2, 175.8, 136.9, 133.8, 131.4, 
91% yield, 92% ee
Pd(OAc)2 (1 mol %)
(R)-CF3-t-Bu-PHOX 16 (5 mol %)











 SI 7 
128.3, 127.6, 118.9, 47.6, 47.1, 41.5, 30.5, 30.4, 19.7, 8.4; IR (Neat Film, NaCl) 3075, 2940, 2881, 
1679, 1448, 1384, 1281, 1148, 916, 726, 658 cm–1; HRMS (FAB+) m/z calculated for C17H22NO2 
[M+H]+: 272.1651, found 272.1675; [α]D23 +35.3° (c = 0.24, CHCl3, 92% ee); SFC conditions: 
3% MeOH, 3.5 mL/min, Chiralpak OJ-H column, λ = 210 nm, tR (min): major = 4.07, minor = 
6.42. Spectroscopic data were consistent with literature values.12 
 
Figure S1. Reaction setup for large-scale decarboxylative allylic alkylation. 
	
Synthesis of Eburnamonine (8) 
	
Lactam 10: Following a modified procedure by Behenna and coworkers,8 a 2-L round-bottom 
flask with stir bar was charged with N-benzoyl lactam 17 (5.44 g, 20.1 mmol, 1.0 equiv) in 
methanol (500 mL). A solution of lithium hydroxide monohydrate (1.25 g, 30.1 mmol, 1.5 equiv) 
in water (200 mL) was added, and the reaction mixture was stirred at 23 °C for 20 hours. The 
reaction was then partially concentrated in vacuo to remove methanol, then transferred to a 
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bicarbonate, then extracted with ethyl acetate (4X). The combined organic extracts were washed 
with brine, dried with sodium sulfate, and concentrated in vacuo to afford lactam 10 (3.26 g, 98% 
yield) as a light yellow oil, which was found to be of sufficient purity and used without further 
purification. 1H NMR (400 MHz, CDCl3) δ 6.03 (br s, 1H), 5.88 – 5.68 (m, 1H), 5.12 – 5.03 (m, 
2H), 3.26 (td, J = 5.9, 2.5 Hz, 2H), 2.49 (ddt, J = 13.6, 6.7, 1.3 Hz, 1H), 2.27 – 2.12 (m, 1H), 1.87 
– 1.65 (m, 5H), 1.50 (dq, J = 13.7, 7.4 Hz, 1H), 0.89 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) 176.8, 134,8, 110.0, 45.0, 42.9, 42.9, 31.2, 28.7, 19.9, 8.8. IR (Neat Film, NaCl) 2972, 
1718, 1286, 1147, 700, 676, 649 cm–1; [α]D23 +5.3° (c = 0.09, CHCl3, 92% ee). Data were 
consistent with literature values.12 
	
Acetal 19: To a flame-dried 100-mL round bottom flask with stir bar was added lactam 10 (4.00 
g, 24.0 mmol, 1.0 equiv) and DMF (24.0 mL). The flask was cooled to 0 °C before sodium hydride 
(1.41 g, 60% dispersion in mineral oil, 35.3 mmol, 1.47 equiv) was added portionwise (CAUTION: 
evolution of hydrogen gas). The reaction mixture was stirred at 0 °C for 1 hour before dioxolane 
18 (6.88 g, 35.28 mmol, 1.47 equiv) was added dropwise. The flask was slowly warmed to 23 °C 
over 36 hours. 
When the starting material was completely consumed, as determined by TLC, the flask was 
cooled to 0 °C, and the reaction was quenched with water. The mixture was transferred to a 
separatory funnel and extracted with ethyl acetate (5X). The organic extracts were combined and 
washed with 10% lithium chloride solution (2X), brine (1X), and dried with sodium sulfate, then 
concentrated in vacuo. Flash column chromatography (30% → 40% → 50% ethyl acetate/hexanes) 
afforded desired acetal 19 (6.28g, 92% yield) as a colorless oil. 1H NMR (400 MHz, CDCl3)) δ 
5.82 – 5.67 (m, 1H), 5.09 – 5.00 (m, 2H), 4.92 – 4.82 (m, 1H), 4.00 – 3.91 (m, 2H), 3.90 – 3.79 
(m, 2H), 3.46 – 3.30 (m, 2H), 3.24 (td, J = 5.9, 1.8 Hz, 2H), 2.48 (ddt, J = 13.5, 6.6, 1.4 Hz, 1H), 
2.14 (ddt, J = 13.5, 8.1, 0.9 Hz, 1H), 1.84 – 1.72 (m, 3H), 1.71 – 1.59 (m, 6H), 1.45 (dq, J = 13.5, 
7.4 Hz, 1H), 0.84 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 174.2, 135.2, 117.7, 104.3, 
65.0, 48.5, 47.5, 45.2, 43.5, 31.7, 31.3, 29.0, 21.8, 20.1, 8.9; IR (Neat Film, NaCl) 3072, 2941, 
92% yield
NaH, DMF, 0 °C
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2876, 1632, 1490, 1490, 1461, 1429, 1359, 1284, 1239, 11197, 1138, 1041, 944 cm–1; HRMS 
(FAB+) m/z calculated for C16H28NO3 [M+H]+ 282.2069, found 282.206;. [α]D23 +8.9° (c = 0.49, 
CHCl3, 92% ee). 
	
Carboxylic acid 20: To a 500-mL round-bottom flask with stir bar was added acetal 19 (2.00 g, 
6.97 mmol, 1.0 equiv) in acetonitrile (105 mL). Water (35 mL) was added and the flask cooled to 
0 °C. Ruthenium (III) trichloride hydrate (43.4 mg, 0.21 mmol, 0.03 equiv) was added, followed 
by sodium periodate (7.42 g, 34.8 mmol, 5.0 equiv) in a single portion. The heterogeneous mixture 
was rapidly stirred for 5 hours and monitored closely by LCMS.  
Upon complete consumption of the starting material, the reaction mixture was quickly 
filtered through a plug of Celite (washing with acetonitrile) and concentrated in vacuo to remove 
organic solvents. The aqueous mixture was extracted with dichloromethane (5X), dried with 
sodium sulfate, and concentrated in vacuo. Flash column chromatography (1 → 2 → 3 → 4 → 5% 
methanol/dichloromethane) afforded acid 20 (1.58 g, 75% yield) as a colorless oil. 1H NMR (400 
MHz, CDCl3) δ 4.87 (t, J = 4.0 Hz, 1H), 4.04 – 3.93 (m, 2H), 3.93 – 3.77 (m, 2H), 3.55 – 3.46 (m, 
1H), 3.32 (tt, J = 13.3, 6.1 Hz, 3H), 2.66 (d, J = 15.7 Hz, 1H), 2.48 (d, J = 15.7 Hz, 1H), 1.95 – 
1.63 (m, 7H), 1.63 – 1.52 (m, 1H), 1.33 – 1.21 (m, 1H), 0.90 (dt, J = 17.8, 7.4 Hz, 4H); 13C NMR 
(100 MHz, CDCl3) δ 177.4, 172.3, 103.9, 65.0, 48.2, 48.0, 44.5, 42.8, 30.8, 30.5, 28.0, 21.1, 18.7, 
7.8; IR (Neat Film, NaCl) 2948, 2880, 1729, 1630, 1598, 1579, 1498, 1456, 1438, 1359, 1290, 
1186, 1142, 1030, 946; HRMS (FAB+) m/z calculated for C15H26NO5 [M+H]+ 300.1811, found 
300.1810; [α]D23 –17.4° (c = 0.31, CHCl3, 92% ee). 
 
NOTE: We have observed that the reaction times were highly variable (between 1 and 6 hours) 
depending on the scale and bottle of RuCl3•xH2O used. It is important to quench the reaction as 
soon as the starting material is consumed, as other oxidized byproducts will begin to form.  
75% yield
RuCl3•xH2O (3 mol %)
NaIO4
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Indole 21: To a flame-dried 500-mL round-bottom flask with stir bar was added carboxylic acid 
20 (3.02 g, 10.1 mmol, 1.0 equiv) and methanol (210 mL). Phenylhydrazine hydrochloride (3.10 
g, 21.4 mmol, 2.0 equiv) and p-toluenesulfonic acid monohydrate (4.78 g, 32.1 mmol, 3.0 equiv) 
were added sequentially. The flask was equipped with a reflux condenser and heated to reflux for 
12 hours. After this, additional phenylhydrazine hydrochloride salt was added (1.00g, 6.89 mmol, 
0.68 equiv) and the reaction was stirred at reflux for an additional 4 hours. 
Upon complete consumption of the starting material, as determined by LCMS analysis, the 
reaction was cooled to room temperature, quenched with 1M aqueous hydrochloric acid, and 
transferred to a separatory funnel. The mixture was extracted with dichloromethane (5X), then the 
combined organic extracts were washed with brine, dried with sodium sulfate, and concentrated in 
vacuo onto silica gel. Flash column chromatography (50% ethyl acetate/hexanes) afforded indole 
21 (1.85 g, 53% yield) as a viscous orange oil. 1H NMR (400 MHz, CDCl3) δ 8.03 (s, 1H), 7.69 
(ddt, J = 7.8, 1.5, 0.7 Hz, 1H), 7.36 (dt, J = 8.1, 1.0 Hz, 1H), 7.19 (ddd, J = 8.1, 7.0, 1.2 Hz, 1H), 
7.15 – 7.10 (m, 1H), 7.09 – 7.06 (m, 1H), 3.68 – 3.62 (m, 5H), 3.44 – 3.36 (m, 1H), 3.20 (dtd, J = 
10.9, 4.7, 2.2 Hz, 1H), 3.07 – 3.00 (m, 2H), 2.96 (d, J = 16.1 Hz, 1H), 2.35 (d, J = 16.0 Hz, 1H), 
1.99 – 1.89 (m, 1H), 1.83 – 1.60 (m, 5H), 0.88 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 
173.8, 172.6, 136.2, 127.5, 122.0, 121.9, 119.3, 118.9, 113.6, 111.1, 51.4, 49.0, 48.8, 43.4, 42.0, 
31.5, 29.1, 23.0, 19.9, 8.6; IR (Neat Film, NaCl) 3265, 2947, 2870, 1736, 1614, 1492, 1457, 1434, 
1358, 1290, 1198, 1172, 1011, 744, cm–1; HRMS (FAB+) m/z calculated for C20H27N2O3 [M+H]+ 
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Iminium perchlorate 22: To a flame-dried, 250-mL round-bottom flask with stir bar was added 
indole 21 (1.85g, 5.39 mmol, 1.0 equiv) in acetonitrile (110 mL). Freshly distilled phosphoryl 
chloride (15.0 mL, 153 mmol, 30.0 equiv) was then added, before the flask was equipped with a 
reflux condenser and heated to 100 °C for 14 hours. When the starting material was completely 
consumed, as determined by LCMS, the reaction mixture was cooled to room temperature and 
concentrated in vacuo. Residual phosphoryl chloride was removed azeotropically with acetonitrile 
(3 X 20 mL) to yield a brown, amorphous solid. 
 The crude mixture was redissolved in dichloromethane (27 mL) and stirred at room 
temperature. 1M aq. lithium perchlorate was added and the heterogeneous mixture was rapidly 
stirred for 30 minutes. The mixture was transferred to a separatory funnel and extracted with 
dichloromethane (3X). The combined organic extracts were washed with 1M lithium perchlorate 
(2X), dried with sodium sulfate, and concentrated in vacuo to afford crude iminium perchlorate 22 
(2.18 g, 95% yield) as a light brown solid, which was characterized and used without further 
purification. 1H NMR (500 MHz, CD2Cl2) δ 10.34 (s, 1H), 7.83 (dt, J = 8.6, 0.9 Hz, 1H), 7.59 (dq, 
J = 8.2, 0.9 Hz, 1H), 7.46 (ddd, J = 8.4, 6.9, 1.1 Hz, 1H), 7.20 (ddd, J = 8.1, 7.0, 0.9 Hz, 1H), 4.08 
– 3.94 (m, 3H), 3.87 (d, J = 14.9 Hz, 1H), 3.61 (dd, J = 18.6, 2.8 Hz, 1H), 3.45 (s, 3H), 3.20 (dd, 
J = 9.9, 6.6 Hz, 2H), 2.84 (d, J = 18.4 Hz, 1H), 2.30 – 2.20 (m, 1H), 2.14 – 1.98 (m, 4H), 1.93 – 
1.82 (m, 1H), 1.09 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 172.2, 171.9, 141.2, 129.0, 
125.4, 124.9, 123.0, 121.7, 121.1, 114.7, 54.6, 53.7, 52.1, 42.3, 42.0, 28.9, 27.8, 19.1, 17.8, 8.2; 
IR (Neat Film, NaCl) 3332, 2954, 1731, 1600, 1527, 1435, 1336, 1236, 1201, 1096, 752, 622 cm–
1; HRMS (FAB+) m/z calculated for C19H23N2O [M+H–OCH3]+ 295.1805, found 295.1835; [α]D23 




MeCN, reflux, 14 h
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Eburnamonine (8) and epi-eburnamonine SI1: To a flame-dried, 100-mL round-bottom flask 
with stir bar was added iminium perchlorate 22 (1.92 g, 4.52 mmol, 1.0 equiv) and DMF (9.0 mL). 
10% palladium on carbon (960 mg, 0.90 mmol with respect to palladium, 0.2 equiv) was added, 
and the flask was evacuated and backfilled with hydrogen (5X). The solution was sparged with 
hydrogen for 10 minutes, then allowed to stir at 23 °C for 3.5 hours. 
 The flask was then evacuated and backfilled with nitrogen (3X) and sparged for 5 minutes. 
DBU (1.42 mL, 9.49 mmol, 2.1 equiv) was added dropwise, and the reaction was stirred at 23 °C 
for 2.5 hours. Additional DBU was added (0.27 mL, 1.81 mmol, 0.4 equiv) and the reaction was 
stirred at 23 °C for another 0.5 hours. 	
 After the reaction was complete, as determined by LCMS, the mixture was diluted with 
ethyl acetate and filtered through a pad of Celite. The solution was transferred to a separatory 
funnel, washed with 10% aqueous lithium chloride, then brine, then water, dried with sodium 
sulfate, and concentrated in vacuo. Flash column chromatography (5 → 25% ethyl 
acetate/chloroform) afforded eburnamonine (8) (0.82 g, 62%) as a light brown solid and epi-
eburnamonine SI1 (0.23g, 17%) as an orange solid. Eburnamonine (8) was further recrystallized 
from methanol to afford a white crystalline solid.  
Eburnamonine (8): 1H NMR (400 MHz, CDCl3) δ 8.39 – 8.35 (m, 1H), 7.46 – 7.41 (m, 1H), 7.37 
– 7.27 (m, 2H), 4.05 (s, 1H), 3.38 (dd, J = 13.9, 6.7 Hz, 1H), 3.29 (ddd, J = 13.9, 11.3, 5.8 Hz, 
1H), 2.92 (dddd, J = 16.9, 11.3, 6.7, 2.9 Hz, 1H), 2.69 (d, J = 16.8 Hz, 1H), 2.66 (bs, 1H), 2.60 (d, 
J = 16.8 Hz, 1H), 2.58 – 2.41 (m, 2H), 2.09 (dq, J = 15.1, 7.6 Hz, 1H), 1.81 (qt, J = 13.2, 3.9 Hz, 
1H), 1.68 (dq, J = 14.7, 7.4 Hz, 1H), 1.51 (ddt, J = 13.6, 3.6, 1.9 Hz, 1H), 1.46 – 1.38 (m, 1H), 
1.05 (td, J = 13.6, 3.9 Hz, 1H), 0.94 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 167.6, 
134.4, 131.6, 130.0, 124.7, 124.1, 118.3, 116.4, 112.7, 57.9, 50.9, 44.5, 44.4, 38.7, 28.5, 26.9, 20.6, 
16.7, 7.8; IR (Neat Film, NaCl) 3051, 2933, 2856, 1704, 1627, 1454, 1375, 1332, 1262, 1208, ; 
HRMS (FAB+) m/z calculated for C19H23N2O [M+H]+ 295.1810, found 295.1787; [α]D23 93.1° (c 
78% yield, 3.4:1 d.r.
H2, 10% Pd/C
DMF, 23 °C, 3.5 h
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= 0.55, CHCl3, 92% ee). Data were consistent with literature values,13 see SI 37–38 for comparison 
of NMR peaks to previously synthesized material. 
epi-Eburnamonine SI1: 1H NMR (600 MHz, CDCl3) δ 8.35 – 8.31 (m, 1H), 7.40 (dd, J = 7.3, 1.6 
Hz, 1H), 7.31 – 7.24 (m, 2H), 3.14 – 3.05 (m, 2H), 3.03 (s, 1H), 2.88 (m, 1H), 2.80 (d, J = 16.7 
Hz, 1H), 2.65 (dq, J = 15.9, 2.5, 2.0 Hz, 1H), 2.52 (td, J = 11.4, 4.3 Hz, 1H), 2.37 – 2.28 (m, 2H), 
1.89 (hd, J = 8.4, 4.4 Hz, 3H), 1.63 (dtd, J = 13.5, 4.9, 4.3, 2.3 Hz, 1H), 1.23 – 1.15 (m, 1H), 0.87 
– 0.80 (m, 1H), 0.78 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 167.6, 135.1, 133.3, 129.9, 
124.1, 123.8, 118.1, 116.2, 113.0, 66.0, 55.4, 52.3, 44.3, 39.4, 31.8, 21.6, 21.3, 20.7, 7.4; IR (Neat 
Film, NaCl) 3050, 2935, 2796, 1708, 1655, 1600, 1457, 1365, 1324, 1301, 1149, 1118, 1042, 958, 
746, 688 cm–1; HRMS (FAB+) m/z calculated for C19H23N2O [M+H]+ 295.1810, found 295.1834; 
[α]D23 –120.2 (c = 0.78, CHCl3). Data were consistent with literature values.13 
 
Preparation of Eburnamonine Enol Triflate 23 
 
Trifloxyenamine 23: To a flame-dried, 25-mL flask with stir bar was added eburnamonine (8) 
(258 mg, 0.877 mmol, 1.0 equiv) and THF (4.4 mL). The flask was cooled to –78 °C before 1M 
LiHMDS in THF (1.23 mL, 1.23 mmol, 1.4 equiv) was added dropwise via syringe pump over 30 
minutes. The reaction mixture was then stirred at –78 °C for 1 hour, during which time the solution 
turned from light yellow to orange. HMPA (0.305 mL, 1.75 mmol, 2.0 equiv) was added dropwise 
and the solution was stirred at –78 °C for 10 minutes, during which time it turned dark brown. N-
phenyl triflimide (438 mg, 1.23 mmol, 1.4 equiv) in THF (1.0 mL) was then added dropwise. The 
reaction mixture was stirred at –78 °C for 1.5 hours, then allowed to warm slowly to 23 °C over 
16 hours. 
 The reaction mixture was quenched with water, transferred to a separatory funnel, and 
extracted with diethyl ether (5X). The combined organics were washed with 10% aqueous sodium 
hydroxide, dried with potassium carbonate, filtered, and concentrated in vacuo. Flash column 
chromatography (30 → 40 → 50% ethyl acetate/hexanes) afforded trifloxyenamine 23 (266 mg, 
71% yield) as a colorless oil, which then solidified to an amorphous white solid after standing in 
71% yield
LHMDS
THF, –78 °C, 1.5 h
then HMPA, PhNTf2
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the freezer (–20 °C) for at least 24 hours. 1H NMR (400 MHz, CDCl3) δ 7.66 (dt, J = 8.3, 0.9 Hz, 
1H), 7.47 (dt, J = 7.6, 1.0 Hz, 1H), 7.27 – 7.22 (m, 2H), 7.18 (ddd, J = 8.2, 7.2, 1.0 Hz, 1H), 5.03 
(s, 1H), 4.28 (s, 1H), 3.38 (dd, J = 13.8, 5.8 Hz, 1H), 3.27 (td, J = 13.8, 12.6, 5.2 Hz, 1H), 3.00 
(dddd, J = 17.2, 11.3, 6.0, 2.9 Hz, 1H), 2.75 – 2.59 (m, 2H), 2.52 (dd, J = 16.2, 5.1 Hz, 1H), 2.13 
– 1.97 (m, 1H), 1.76 (dq, J = 14.8, 7.5 Hz, 1H), 1.57 (d, J = 13.7 Hz, 1H), 1.46 (dt, J = 13.5, 3.2 
Hz, 1H), 1.15 (td, J = 13.7, 3.7 Hz, 1H), 1.01 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 
138.9, 133.3, 129.1, 123.5, 121.5, 120.3, 118.9, 117.1, 112.2, 110.7, 105.3, 55.2, 51.7, 45.3, 39.6, 
30.6, 27.9, 20.5, 16.3, 9.0; IR (Neat Film, NaCl) 2942, 1670, 1454, 1430, 1260, 1223, 1137, 1030, 
751, 740 cm–1; HRMS (ESI/APCI) m/z calculated for C20H22F3N2O3S [M + H]+: 427.1303, found, 
427.1309; [α]D23 +38.7° (c = 0.07, CHCl3). 
 
Preparation of Amino Alcohol 26 for Friedlander Quinoline Synthesis 
	
Methyl 2-amino-5-bromo-4-methoxybenzoate SI3: To a flame-dried 250-mL round-bottom 
flask with stir bar was added 2-amino, 4-methoxybenzoic acid SI2 (3.00 g, 18.0 mmol, 1.0 equiv) 
and DMF (90 mL). The flask was cooled to 0 °C, and N-bromosuccinimide (1.1 equiv, 19.8 mmol. 
1.1 equiv) was added in a single portion. The flask was removed from the bath and warmed to 23 
°C over 90 minutes. 
 The reaction was quenched with saturated aqueous sodium sulfite and acidified to pH ~3 
with concentrated hydrochloric acid. The solution was transferred to a separatory funnel and 
extracted with diethyl ether (3X). The combined organic extracts were washed with 10% saturated 
aqueous lithium chloride, water, and brine, then concentrated in vacuo to yield a white solid. This 
was used in the next reaction immediately without further purification. 
 To a flame-dried 250 mL round-bottom flask with stir bar was added the crude material 
and DMF (45 mL). The flask was cooled to 0 °C before potassium carbonate (4.97 g, 36.0 mmol, 
2.0 equiv) and methyl iodide (1.68 mL, 27.0 mmol, 1.5 equiv) were added sequentially. The flask 







74% yield, 2 steps
1. NBS (1.1 equiv)
    DMF, 0 °C, 1.5 h
2. K2CO3, MeI
    DMF, 0 → 23 °C, 1 h
SI3SI2
Br
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 The reaction was quenched with cool water, transferred to a separatory funnel, and 
extracted with ethyl acetate three times. The combined organic extracts were washed with 10% 
saturated aqueous lithium chloride and brine, dried with sodium sulfate, and concentrated in vacuo. 
Flash column chromatography (20 → 30% ethyl acetate/hexanes) afforded methyl ester SI3 as a 
light yellow, amorphous solid (3.47 g, 74% yield over 2 steps). 1H NMR (400 MHz, CDCl3) δ 8.00 
(s, 1H), 6.11 (s, 1H), 5.85 (s, 2H), 3.86 (s, 3H), 3.84 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 167.5, 
160.1, 151.8, 135.7, 105.2, 98.7, 98.3, 56.3, 51.7; IR (Neat Film, NaCl) 3478, 3467, 2948, 1687, 
1610, 1589, 1485, 1446, 1277, 1224, 1109, 1050, 822, 555 cm-1; HRMS (FAB+) m/z calculated 
for C9H10BrNO3 [M•]+ 258.9844, found 258.9851. 
 
(2-amino-5-bromo-4-methoxyphenyl)methanol 26: To a flame-dried 250-mL round-bottom 
flask with stir bar was charged lithium aluminum hydride (798 mg, 21.0 mmol, 800 mg) and 
diethyl ether (30 mL). The flask was cooled to 0 °C before a solution of ester SI3 (2.60 g, 10.0 
mmol, 1.0 equiv) in diethyl ether (30 mL) was added dropwise via cannula. The flask was stirred 
at 0 °C for 10 minutes. The reaction was quenched with methanol and saturated Rochelle’s salt 
solution, then warmed to 23 °C over 20 minutes. The mixture was transferred to a separatory funnel 
and extracted with diethyl ether (3X). The combined organic extracts were washed with brine, 
dried with magnesium sulfate, and concentrated to afford alcohol 26 (2.06 g, 89%) as a white solid 
with no further purification. 1H NMR (400 MHz, CD2Cl2) δ 7.17 (s, 1H), 6.29 (s, 1H), 4.54 (s, 
2H), 3.81 (s, 3H); 13C NMR (100 MHz, CD2Cl2) δ 156.7, 147.5, 133.5, 119.0, 100.3, 98.2, 63.4, 
56.5; IR (Neat Film, NaCl) 3370, 2926, 1605,0501, 1446, 1407, 1307, 1217, 1050, 999, 888, 827 












Et2O, 0 °C, 45 min
26SI3
BrBr
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N-Boc Piperidine 24: To a flame-dried 500-mL round-bottom flask with stir bar was added lactam 
10 (2.47 g, 14.8 mmol, 1.0 equiv) in diethyl ether (150 mL). The flask was cooled to 0 °C before 
lithium aluminum hydride (1.64 g, 44.4 mmol, 3.0 equiv) was added portionwise. The flask was 
equipped with a reflux condenser and heated to reflux for 24 hours.  
After the reaction was complete, as determined by TLC, the flask was cooled to 0 °C and 
quenched with saturated sodium carbonate. The flask was then removed from the bath and stirred 
at 23 °C for 20 minutes. The mixture was transferred to a separatory funnel and extracted with 
diethyl ether (5X). The combined organic extracts were washed with brine (2X), dried with sodium 
sulfate, and concentrated in vacuo to yield the piperidine intermediate as a brown oil, which was 
used immediately in the next step without further purification. 
A 500 mL round-bottom flask was equipped with a stir bar, placed under nitrogen 
atmosphere, and charged with intermediate piperidine in acetonitrile (75 mL). The flask was 
cooled to 0 °C before di-tert-butyldicarbonate (4.08 mL, 17.8 mmol, 1.2 equiv) and DMAP (180 
mg, 1.48 mmol, 0.1 equiv) were added sequentially. The flask was warmed slowly to 23 °C over 
12 hours. Additional di-tert-butyldicarbonate (2.0 mL, 8.9 mmol, 0.6 equiv) was added and the 
reaction was stirred for an additional 6 hours.  
After complete consumption of the starting material was observed by TLC, the reaction 
was quenched with 2,2,2-trifluoroethanol (~ 5 mL) and stirred for 30 minutes. The stir bar was 
then removed and the reaction mixture was concentrated in vacuo onto silica gel. Flash column 
chromatography (5% ethyl acetate/hexane) afforded N-Boc piperidine 24 (2.59 grams, 70% yield) 
as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 5.77 (ddt, J = 15.6, 11.6, 7.5 Hz, 1H), 5.08 – 4.98 
(m, 2H), 3.34 (t, J = 5.8 Hz, 2H), 3.10 (m, 2H), 2.05 (dd, J = 14.1, 7.1 Hz, 1H), 1.95 (bs, 1H), 1.51 
(m, 2H), 1.46 (bs, 9H), 1.38 (t, J = 6.2 Hz, 2H), 1.33 – 1.14 (m, 2H), 0.82 (t, J = 7.5 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ 155.2, 134.3, 117.4, 79.2, 52.5 (major rotamer), 52.0 (minor rotamer), 
44.9 (minor rotamer), 44.0 (major rotamer), 38.7, 36.1, 33.9 (major rotamer), 33.5 (minor rotamer), 
28.6, 27.2, 21.1, 7.4; IR (Neat Film, NaCl) 2973, 2933, 2857, 1695, 1426, 1365, 1274, 1250, 1162, 
70% yield, 2 steps
1. LiAlH4 
    Et2O, 0°C → reflux, 24 h
2. Boc2O, DMAP (10 mol %)
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1101, 912, 767 cm-1; HRMS (FAB+) m/z calculated for C15H28NO2 [M+H]+ 254.2120, found 
254.2101; [α]D22.5 +9.3° (c = 1.8, CHCl3, 92% ee). 
 
Aldehyde 25: To a flame-dried 500-mL round-bottom flask with stir bar was added 
bis(benzonitrile) palladium(II) chloride (460 mg, 1.2 mmol, 0.15 equiv), copper (II) chloride 
dihydrate (205 mg, 1.2 mmol, 0.15 equiv), and silver (I) nitrite (92.4 mg, 0.6 mmol, 0.075 equiv). 
Nitromethane (10 mL) and tert-butanol (150 mL) were sequentially added and stirred at 23 °C. 
The flask was evacuated and backfilled with oxygen (3X) before the reaction mixture was sparged 
with oxygen for 10 minutes. Piperidine 24 (2.02 g, 8.0 mmol, 1.0 equiv) was added neat, and the 
reaction was sparged with oxygen at 23 °C for another 5 minutes. The reaction mixture was then 
stirred at 23 °C under oxygen atmosphere for 16 hours. 
 The reaction was quenched with water, transferred to a separatory funnel, and extracted 
with ethyl acetate (4X). The combined organic extracts were washed with brine, dried with sodium 
sulfate, and concentrated in vacuo (rotary evaporator with bath at 40 °C to remove tert-butanol). 
Flash column chromatography (15 → 20% ethyl acetate/hexanes) afforded aldehyde 25 (1.52 g, 
72% yield) as a colorless oil. 1H NMR (400 MHz, CD2Cl2) δ 9.75 (s, 1H), 3.17 (m, 4H), 2.51 – 
2.15 (m, 2H), 1.70 – 1.46 (m, 4H), 1.42 (s, 9H), 1.34 – 1.10 (m, 4H), 0.80 (t, J = 7.5 Hz, 3H); 13C 
NMR (100 MHz, CD2Cl2) δ 202.7, 155.1, 79.4, 52.5 (major rotamer), 51.7 (minor rotamer), 45.3 
(minor rotamer), 44.2 (major rotamer), 38.5, 35.6, 34.4, 28.5, 27.5 (minor rotamer), 27.1 (major 
rotamer), 25.9 (major rotamer), 25.5 (minor rotamer), 21.4, 7.4; IR (Neat Film, NaCl) 2973, 2933, 
2857, 1695, 1426, 1365, 1274, 1250, 1162, 1101, 912, 767 cm-1; HRMS (FAB+) m/z calculated 





MePd(PhCN)2Cl2 (15 mol %)CuCl2•2H2O (15 mol %)
AgNO2 (7.5 mol %), O2
t-BuOH/MeNO2 (15:1)
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Quinoline 27: To a flame-dried 50-mL round-bottom flask with a stir bar was added alcohol 26 
(1.10 g, 4.75 mmol, 1.3 equiv) and a solution of aldehyde 25 (985 mg, 3.66 mmol, 1.0 equiv) in 
1,4-dioxane (11 mL). The reaction was then heated to 80 °C for 1 hour. Benzophenone (3.33 g, 
18.3 mmol, 5 equiv) was then added at 80 °C in a single portion, and the reaction mixture was 
stirred at that temperature for 5 minutes. A solution of potassium tert-butoxide (1.03g, 9.15 mmol, 
2.5 equiv) in 1,4-dioxane (9.2 mL) was then added over 30 minutes via syringe pump. The reaction 
mixture was then stirred for an additional 15 minutes. 
Upon completion, as judged by LCMS, the reaction mixture was cooled to 23 °C, quenched 
with saturated aqueous sodium bicarbonate solution, and transferred to a separatory funnel. The 
mixture was extracted with ethyl acetate (3X) before the combined organic extracts were washed 
with brine, dried with sodium sulfate, and concentrated in vacuo. Flash column chromatography 
(30% ethyl acetate/hexanes) afforded quinoline 27 (1.26 g, 74% yield) as a yellow foam. 1H NMR 
(400 MHz, CD2Cl2) δ 8.63 (d, J = 2.2 Hz, 1H), 7.99 (s, 1H), 7.76 (s, 1H), 7.41 (s, 1H), 4.00 (s, 
3H), 3.48 – 3.06 (m, 4H), 2.75 (d, J = 13.8 Hz, 1H), 2.65 (d, J = 13.8 Hz, 1H), 1.67 – 1.51 (m, 2H, 
H2O peak overlapping), 1.42 (s, 9H), 1.40 – 1.34 (m, 2H), 1.22 (m, 2H), 0.95 (t, J = 7.5 Hz, 3H); 
13C NMR (100 MHz, DMSO) δ 155.3, 154.1, 153.4, 146.8, 135.1, 131.3, 129.4, 123.2, 113.1, 
108.3, 78.5, 56.6, 51.3, 50.8, 37.4, 36.8, 32.4, 28.0, 25.5, 20.8, 7.5; IR (Neat Film, NaCl) 2969, 
2933, 2855, 1688, 1614, 1598, 1477, 1427, 1365, 1323, 1273, 1247, 1207, 1157, 1042, 919, 849, 
732 cm-1; HRMS (FAB+) m/z calculated for C23H32BrN2O3 [M+H]+ 463.1596, found 463.1623; 
[α]D22.6 +21.2° (c = 0.21, CHCl3). 
 
Quinoline N-oxide 28:  To a 50-mL round-bottom flask equipped with a stir bar was added 










80 °C, 1 h
then Ph2CO, t-BuOK
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peroxide solution (1.67 mL, 17.2 mmol, 5.0 equiv) was added, followed by 
methyltrioxorhenium(VII) (171 mg, 0.688 mmol, 0.20 equiv). The biphasic reaction mixture was 
rapidly stirred at 23 °C for 12 hours. The reaction was quenched with 5 mg of manganese dioxide 
and stirred rapidly for 30 minutes until evolution of oxygen ceased. The solution was transferred 
to a separatory funnel and extracted with dichloromethane; then the combined organic extracts 
were dried with sodium sulfate and concentrated in vacuo to yield a yellow oil. Addition of ethyl 
acetate caused quinoline N-oxide 28 to precipitate as a white amorphous solid (1.32 g, 80% yield) 
following filtration. 1H NMR (400 MHz, CDCl3) δ 8.38 (d, J = 1.5 Hz, 1H), 8.06 (s, 1H), 8.04 (s, 
1H), 7.40 (s, 1H), 4.08 (s, 3H), 3.52 – 3.00 (m, 4H), 2.71 (d, J = 13.9 Hz, 1H), 2.58 (d, J = 13.9 
Hz, 1H), 1.59 (dp, J = 14.0, 7.3, 6.8 Hz, 2H), 1.47 (s, 9H), 1.43 – 1.36 (m, 2H), 1.26 (m, 2H), 0.95 
(t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 157.5, 155.2, 140.3, 138.2, 131.9, 130.6, 126.3, 
125.6, 117.0, 99.3, 79.9, 57.2, 51.9, 44.8, 43.9, 38.1, 37.5, 33.2, 28.6, 26.9, 21.4, 7.8; IR (Neat 
Film, NaCl) 2967, 2934, 2868, 1687, 1573, 1470, 1428, 1343, 1306, 1273, 1247, 1203, 1155, 1038, 
863, 754 cm-1; HRMS (FAB+) m/z calculated for C23H32BrN2O4 [M+H]+ 479.1545, found 
479.1538; [α]D25 +16.8° (c = 0.46, CHCl3). 
 
Tetracycle 29: To an oven-dried 1-dram vial in a nitrogen-filled glove box was added N-oxide 28 
(96.0 mg, 0.20 mmol, 1.0 equiv), dichloromethane (1.0 mL), and tin (II) trifluoromethanesulfonate 
(2.5 equiv, 0.50 mmol, 2.5 equiv). This was repeated nine times and the reactions were stirred 
rapidly for 3 hours, during which time the solution turned from a clear yellow to a cloudy white. 
Triethylamine (0.14 mL, 1.00 mmol, 5.0 equiv) was added to each of the vials, which were then 
quickly sealed and heated to 40 °C for 1 hour. 
 After the reaction was complete, the vials were removed from the glovebox, diluted with 
dichloromethane, and transferred to a separatory funnel containing 0.5M aqueous sodium 
hydroxide. The solution was extracted with dichloromethane (5X), and the combined organic 
extracts were washed with brine, dried over sodium sulfate, and concentrated in vacuo. Flash 





CH2Cl2, 23 °C, 3 h
then Et3N (5.0 equiv) 
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triethylamine/ethyl acetate) afforded tetracycle 29 as a white solid. 1H NMR (600 MHz, CDCl3) δ 
7.88 (s, 1H), 7.70 (s, 1H), 7.32 (s, 1H), 3.99 (s, 3H), 3.77 – 3.69 (m, 1H), 3.26 – 3.16 (m, 1H), 
3.08 (dd, J = 13.3, 2.2 Hz, 1H), 2.94 (ddd, J = 13.4, 2.9, 1.2 Hz, 1H), 2.89 (dt, J = 17.4, 1.7 Hz, 
1H), 2.73 (dt, J = 17.3, 1.5 Hz, 1H), 1.84 – 1.74 (m, 1H), 1.62 – 1.53 (m, 1H), 1.38 – 1.29 (m, 4H), 
0.95 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 162.9 156.1, 147.1, 134.5, 130.5, 126.1, 
122.1, 112.0, 107.5, 58.1, 56.5, 56.0, 37.4, 36.1, 35.1, 30.9, 19.7, 7.3; IR (Neat Film, NaCl) 2928, 
1612, 1477 1449, 1371, 1234, 11127, 1040, 859, 755, 674, 649 cm-1; HRMS (FAB+) m/z 
calculated for C18H22N2OBr [M+H]+ 361.0916, found 363.0936; [α]D23 +83.7° (c = 0.99, CHCl3, 
92% ee). 
Note: We have observed this reaction is highly dependent on the quality of tin (II) 
trifluoromethanesulfonate and exclusion of adventitious water. Prior to the reaction, starting 
materials were dried under high vacuum overnight and immediately stored in a nitrogen filled 
glovebox. SnOTf2 was purchased from Sigma Aldrich and stored in the glovebox immediately 
upon receiving. Dichloromethane was dried over 4Å molecular sieves prior to use. Triethylamine 
was freshly distilled into a Schlenk flask and stored in the glovebox. 
 
Alcohol 30: To a flame-dried, 25-mL round-bottom flask with stir bar was added tetracycle 29 
(337 mg, 0.93 mmol, 1.0 equiv), benzoyl peroxide (451 mg, 1.87 mmol, 2.0 equiv), and methanol 
(9.3 mL). The reaction mixture was sparged with argon for 20 minutes before trifluoroacetic acid 
(0.71 mL, 9.34 mmol, 10.0 equiv) was added dropwise. The flask was placed in a Hepatochem© 
apparatus and irradiated with Kessil© blue LED’s for 45 minutes.  
 The mixture was quenched with aqueous sodium bicarbonate solution, transferred to a 
separatory funnel, and extracted with dichloromethane (3X). The combined organic extracts were 
washed with brine, dried over sodium sulfate, and concentrated in vacuo. Flash column 
chromatography (1→ 2 → 3 → 4 →5% methanol/0.5% triethylamine/ethyl acetate afforded 
alcohol 30 (280 mg, 77% yield) as a white amorphous solid. 1H NMR (400 MHz, CD2Cl2) δ 8.24 
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– 3.03 (m, 1H), 3.03 – 2.91 (m, 1H), 2.88 – 2.64 (m, 3H), 1.72 – 1.60 (m, 1H), 1.57 – 1.44 (m, 
1H), 1.29 (q, J = 7.5 Hz, 2H), 1.22 (dd, J = 6.3, 3.5 Hz, 2H), 0.88 (t, J = 7.6 Hz, 3H); 13C NMR 
(100 MHz, CD2Cl2); δ 163.1, 156.1, 147.8, 142.0, 128.3, 124.6, 120.9, 112.2, 108.0, 57.6, 57.3, 
56.7, 56.3, 36.2, 35.8, 35.5, 31.1, 20.1, 7.4; IR (Neat Film, NaCl) 3178, 2923, 2853, 1606, 0580, 
1463, 1451, 1410, 1369, 1236, 1046, 756 cm-1; HRMS (FAB+) m/z calculated for C19H24BrN2O2 
[M+H]+ 391.1021, found 391.1013; [α]D23 +83.6 (c = 0.19, CHCl3, 92% ee). 
 




Aldehyde 31: To a 50-mL round bottom flask with a stir bar was added alcohol 30 (280 mg, 0.716 
mmol, 1.0 equiv), dichloromethane (14.2 mL), and sodium bicarbonate (420 mg, 5.01 mmol, 7.0 
equiv). The flask was cooled to 0 °C and Dess–Martin periodinane (424 mg, 1.00 mmol, 1.4 equiv) 
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 The reaction mixture was quenched with water, transferred to a separatory funnel, and 
extracted with dichloromethane (3X). The combined organic extracts were washed with brine, 
dried over sodium sulfate, and concentrated in vacuo. Flash column chromatography (0 → 20 → 
30% ethyl acetate/dichloromethane) afforded aldehyde 31 (235 mg, 85% yield) as an amorphous, 
yellow solid. 1H NMR (600 MHz, CD2Cl2) δ 10.88 (s, 1H), 8.82 (s, 1H), 7.31 (s, 1H), 4.01 (s, 3H), 
3.79 – 3.74 (m, 1H), 3.25 (dd, J = 18.1, 1.5 Hz, 1H), 3.23 – 3.17 (m, 1H), 3.12 (dd, J = 13.3, 2.3 
Hz, 1H), 3.02 (dd, J = 18.1, 2.3 Hz, 1H), 2.94 (ddd, J = 13.5, 2.8, 1.3 Hz, 1H)., 1.80 – 1.73 (m, 
1H), 1.66 – 1.59 (m, 1H), 1.41 (q, J = 7.6 Hz, 2H), 1.34 (tt, J = 10.5, 3.1 Hz, 2H), 0.98 (t, J = 7.6 
Hz, 3H); 13C NMR (100 MHz, CD2Cl3) δ 193.6, 163.6, 156.5, 148.5, 133.8, 128.5, 128.4, 117.7, 
114.7, 107.9, 57.2, 56.8, 56.5, 36.0, 35.8, 35.4, 31.1, 20.2, 7.4; IR (Neat Film, NaCl) 2926, 1692, 
1603, 1567, 1478, 1363, 1230, 1215, 1043, 752 cm–1; HRMS (FAB+) m/z calculated for 
C19H22BrN2O2 [M+H]+ 389.0865, found 389.0854; [α]D23 +311.7° (c 0.05, CHCl3, 92% ee). 
 
Alkene 9: To an oven-dried 1-dram vial with a stir bar was added aldehyde 31 (50 mg, 0.128 
mmol, 1.0 equiv), sulfone 32 (31.5 mg, 0.154 mmol, 1.2 equiv), and tetrahydrofuran (1.28 mL). 
The vial is cooled to –78 °C and sodium hexamethyldisilizide (30.4 mg, 0.166 mmol, 1.3 equiv) 
was added quickly as a single portion. The reaction mixture was stirred at –78 °C for 30 minutes 
and monitored by TLC.  
 The reaction was quenched with saturated ammonium chloride and warmed up to 23 °C. 
The mixture was extracted with ethyl acetate (5X) before the combined organic extracts were 
washed with brine, dried with sodium sulfate, and concentrated in vacuo. Flash column 
chromatography (0.5% triethylamine in ethyl acetate) afforded alkene 9 (42.7 mg, 87% yield) as a 
light yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.21 (s, 1H), 7.32 (s, 1H), 6.80 (ddt, J = 17.9, 11.7, 
0.9 Hz, 1H), 5.88 (dd, J = 11.7, 1.6 Hz, 1H), 5.56 (dd, J = 18.0, 1.7 Hz, 1H), 4.00 (s, 3H), 3.79 
(dd, J = 14.0, 3.8 Hz, 1H), 3.20 (ddd, J = 13.4, 11.3, 4.8 Hz, 1H), 3.07 (dd, J = 13.3, 2.2 Hz, 1H), 
2.93 (ddd, J = 13.5, 2.7, 1.3 Hz, 1H), 2.72 (dt, J = 17.9, 1.2 Hz, 1H), 2.58 – 2.51 (m, 1H), 1.81 – 
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MHz, CDCl3) δ 162.1, 156.0, 147.4, 142.9, 131.6, 129.1, 123.4, 122.8, 120.1, 111.9, 107.8, 57.6, 
56.5, 56.0, 36.8, 36.2, 35.3, 30.9, 19.8, 7.4; IR (Neat Film, NaCl) 2957, 2932, 1603, 1560, 1479, 
1449, 1412, 1367, 1229, 1045, 1001, 847, 754 cm-1; HRMS (FAB+) m/z calculated for 
C20H24BrN2O [M+H]+ 387.1073, found 387.1072; [α]D23 +186.5° (c = 0.20, CHCl3, 92% ee). 
 
O-methyl eucophylline 33: To an oven-dried, 1-dram vial with stir bar was added aryl bromide 9 
(15.5 mg, 0.040 mmol, 1.0 equiv) in THF (0.4 mL). The vial was cooled to –78 °C and stirred for 
10 minutes. n-BuLi (2.30 M in hexanes, 0.0480 mmol, 24 µL, 1.1 equiv) was added dropwise and 
the reaction mixture was stirred for an additional 10 minutes. 
The reaction was then diluted with diethyl ether, quenched with saturated ammonium 
chloride solution and warmed to 23 °C over 30 minutes. The organic extracts were separated, and 
the aqueous layer was extracted with ethyl acetate (3X). The combined organic extracts were 
washed with brine, dried with sodium sulfate, and concentrated in vacuo. Preparative TLC (100% 
ethyl acetate) affords O-methyleucophylline 33 (5.1 mg, 41% yield) as a light yellow oil. 1H NMR 
(400 MHz, CDCl3) 7.92 (d, J = 9.2 Hz, 1H), 7.27 (d, J = 2.6 Hz, 1H), 7.03 (dd, J = 9.2, 2.6 Hz, 
1H), 6.84 (ddt, J = 17.9, 11.6, 0.9 Hz, 1H), 5.84 (dd, J = 11.7, 1.8 Hz, 1H), 5.54 (dd, J = 18.0, 1.8 
Hz, 1H), 3.91 (s, 3H), 3.82 – 3.72 (m, 1H), 3.18 (ddd, J = 13.5, 12.4, 3.7 Hz, 1H), 3.07 (dd, J = 
13.2, 2.1 Hz, 1H), 2.94 (ddd, J = 13.2, 3.1, 1.1 Hz, 1H), 2.72 (dt, J = 17.7, 1.2 Hz, 1H), 2.60 – 2.50 
(m, 1H), 1.80 – 1.71 (m, 2H), 1.56 (tdd, J = 13.1, 5.5, 1.6 Hz, 1H), 1.39 – 1.32 (m, 3H), 1.31 – 
1.28 (m, 1H), 0.95 (t, J = 7.6 Hz, 3H).; 13C NMR (100 MHz, CDCl3) δ 161.8, 160.1, 148.5, 143.7, 
132.1, 126.1, 122.7, 121.9, 119.4, 117.7, 106.7, 57.8, 55.9, 55.5, 36.8, 36.3, 35.3, 30.8, 19.7, 7.4; 
IR (Neat Film, NaCl) 3730, 2919, 1620, 1557, 1452, 1370, 1226, 1159, 1026, 941, 848 cm–1; 
HRMS (FAB+) m/z calculated for C20H24N2O [M+H]+ 309.1967, found 309.1950; [α]D23 +117.0° 
(c = 0.26, CHCl3). Data were consistent with literature values,14 see SI 39–40 for comparison of 
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Preparation of Stannanes 34 and 36 
	
Vinylquinoline stannane 36. To an oven-dried 1-dram vial in a nitrogen filled glove box was 
added vinylquinoline 34 (25.0 mg, 0.065 mmol, 1.0 equiv), tetrakis-
(triphenylphosphine)palladium(0) (7.6 mg, 0.0065 mmol, 0.10 equiv) and toluene (0.42 mL). 
Hexamethylditin (20.0 µL, 0.153 mmol, 1.5 equiv) was added dropwise. The flask was sealed, 
removed from the glovebox, and heated to 90 °C for 1.5 hours. Upon completion, the reaction 
mixture was subjected directly to flash column chromatography (0%→10%→15% 
acetone/hexanes) to afford stannane 36 (21.2 mg, 70% yield) as a bright yellow oil. 1H NMR (400 
MHz, CDCl3) δ 8.01 (s, 1H), 7.19 (s, 1H), 6.91 – 6.80 (m, 1H), 5.86 (dd, J = 11.7, 1.9 Hz, 1H), 
5.56 (dd, J = 18.0, 1.8 Hz, 1H), 3.89 (s, 3H), 3.82 – 3.71 (m, 1H), 3.23 – 3.12 (m, 1H), 3.06 (dd, J 
= 13.2, 2.1 Hz, 1H), 2.98 – 2.91 (m, 1H), 2.71 (d, J = 17.7 Hz, 1H), 2.59 – 2.49 (m, 1H), 1.75 (dd, 
J = 13.2, 3.1 Hz, 1H), 1.59 – 1.49 (m, 1H), 1.35 (q, J = 7.4 Hz, 3H), 1.28 (m, 1H), 0.95 (t, J = 7.6 
Hz, 3H), 0.30 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 164.3, 161.6, 149.4, 143.3, 133.4, 132.2, 
132.1, 122.6, 121.6, 119.6, 104.6, 57.8, 55.9, 55.6, 36.9, 36.3, 35.4, 30.8, 19.6, 7.4, –8.9; IR (Neat 
Film, NaCl) 2918, 1596, 1555, 1455, 1404, 1364, 1210, 1051, 768 cm–1; HRMS (ESI/APCI) m/z 
calculated for C23H33N2OSn [M+H]+: 473.1615, found 473.1626; [α]D23 +115.1° (c = 0.23, 
CHCl3). 
	
Formylquinoline stannane 36. To a flame-dried 1-dram vial in a nitrogen filled glove box was 
added formylquinoline 31 (122.0 mg, 0.315 mmol, 1.0 equiv), tetrakis(triphenylphosphine) 
palladium(0) (37.0 mg, 0.0320 mmol, 0.10 equiv) and toluene (2.1 mL). Hexamethylditin (98.0 
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and heated to 90 °C for 3 hours. Upon completion, the reaction mixture was subjected directly to 
flash column chromatography (0%→10%→15% acetone/hexanes) to afford formylquinoline 
stannane 31 (112.1 mg, 75% yield) as a bright yellow oil. 1H NMR (600 MHz, CDCl3) δ 11.03 (s, 
1H), 8.43 (s, 1H), 7.23 (s, 1H), 3.91 (s, 3H), 3.81 (d, J = 13.6 Hz, 1H), 3.25 – 3.17 (m, 2H), 3.13 
(dd, J = 13.3, 2.2 Hz, 1H), 3.02 – 2.95 (m, 2H), 1.78 (d, J = 13.5 Hz, 1H), 1.64 – 1.57 (m, 1H), 
1.40 (q, J = 7.6 Hz, 2H), 1.33 (hept, J = 4.2 Hz, 2H), 0.99 (t, J = 7.6 Hz, 3H), 0.34 (s, 9H). 13C 
NMR (100 MHz, CDCl3) δ 194.2, 164.5, 162.4, 150.0, 135.8, 134.5, 131.3, 125.9, 118.2, 104.7, 
57.3, 56.2, 55.6, 36.0, 35.3, 31.1, 30.7, 19.7, 7.4, –8.8; IR (Neat Film, NaCl) 2924, 2852, 2363, 
1698, 1596, 1456, 1403, 1363, 1211, 1046, 758 cm-1; HRMS (ESI/APCI) m/z calculated for 
C22H31N2O2Sn [M+H]+: 475.1408, found, 475.1434; [α]D23 +142.7° (c = 0.09, CHCl3). 
 
Stille Cross-Coupling Reactions 
 
Vinyl dimer 35. To an oven-dried 1-dram vial in a nitrogen filled glove box was added triflate 23 
(21.0 mg, 0.0491 mmol, 1.1 equiv), followed by a solution of stannane 34 (21.0 mg, 0.0445 mmol, 
1.0 equiv) in NMP (0.9 mL), which had been previously degassed by subjugation to five freeze-
pump-thaw cycles. The solution was allowed to stir in the glovebox for five minutes. 
Tetrakis(triphenylphosphine)palladium(0) (5.2 mg, 0.0045 mmol, 0.10 equiv) and copper (I) 
thiophene-2-carboxylate (9.3 mg, 0.0491 mmol, 1.1 equiv) were added in single portions in quick 
succession. The reaction mixture was allowed to stir at glovebox temperature (26 °C) for 10 
minutes, during which the solution turned from yellow to light brown. 
 The vial was removed from the glovebox, diluted with ethyl acetate, and quenched with 
saturated sodium bicarbonate. The aqueous layer was extracted with ethyl acetate (3X), before the 
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vacuo. The crude mixture was passed through a pad of silica gel (eluting with 5% methanol in 
dichloromethane) to remove excess NMP, and the eluent was concentrated again in vacuo. 
Preparative TLC (7% methanol/dichloromethane) afforded vinyl dimer 35 (14.1 mg, 54% yield, 
4:1 mixture of atropisomers) as a light yellow foam. Note: The two atropisomers were inseparable, 
and peak coalescence could not be obtained using VT NMR; therefore, the characterization data 
for the respective atropisomers were assigned from the mixture based on the relative size and 
integration of peaks. 
Major atropisomer: 1H NMR (400 MHz, C6D6) δ 8.33 (s, 1H), 7.60 (s, 1H), 7.58 – 7.47 (m, 1H), 
7.09 (ddd, J = 7.9, 7.1, 1.0 Hz, 1H), 6.87 (ddd, J = 8.4, 7.1, 1.3 Hz, 1H), 6.70 (dt, J = 8.4, 0.9 Hz, 
1H), 6.60 – 6.49 (m, 1H), 5.46 (dd, J = 11.7, 1.9 Hz, 1H), 5.35 (dd, J = 17.9, 1.9 Hz, 1H), 5.25 (s, 
1H), 4.41 (d, J = 2.5 Hz, 1H), 4.25 – 4.14 (m, 1H), 3.15 – 3.05 (m, 2H), 3.12 (s, 3H), 3.05 – 2.95 
(m, 1H), 2.94 – 2.73 (m, 3H), 2.65 – 2.56 (m, 1H), 2.54 – 2.36 (m, 3H), 2.33 – 2.21 (m, 1H), 2.06 
– 1.94 (m, 1H), 1.93 – 1.77 (m, 1H), 1.76 – 1.62 (m, 1H), 1.51 – 1.38 (m, 2H), 1.34 – 1.26 (m, 
2H), 1.26 – 1.15 (m, 3H), 1.09 – 1.00 (m, 2H), 1.00 – 0.92 (m, 3H) 0.79 – 0.73 (m, 3H); 13C NMR 
(100 MHz, C6D6) δ 163.1, 159.3, 150.2, 143.6, 135.6, 134.9, 132.5, 131.5, 129.7, 127.9, 126.9, 
122.6, 122.5, 122.1, 120.1, 119.4, 118.6, 118.2, 111.5, 107.9, 107.5, 57.8, 57.0, 56.1, 55.4, 52.0, 
45.5, 37.6, 37.2, 36.1, 35.4, 30.7, 30.3, 28.0, 21.2, 20.0, 16.8, 9.0, 7.3.	
Minor atropisomer:  1H NMR (400 MHz, C6D6) δ 8.32 (s,1H), 7.74 (s, 1H), 7.58 – 7.47 (m, 2H), 
6.76 – 6.60 (m, 2H), 6.39 (dd, J = 17.9, 11.7 Hz, 1H), 5.30 – 5.21 (m, 2H), 5.19 (s, 1H), 4.28 (s, 
1H), 4.25 – 4.14 (m, 1H), 3.36 (s, 3H), 3.15 – 3.05 (m, 2H), 3.05 – 2.95 (m, 1H), 2.94 – 2.73 (m, 
3H), 2.65 – 2.56 (m, 1H), 2.54 – 2.36 (m, 3H), 2.33 – 2.21 (m, 1H), 2.06 – 1.94 (m, 1H), 1.93 – 
1.77 (m, 1H), 1.76 – 1.62 (m, 1H), 1.51 – 1.38 (m, 2H), 1.34 – 1.26 (m, 2H), 1.26 – 1.15 (m, 3H), 
1.09 – 1.00 (m, 2H), 1.00 – 0.92 (m, 3H) 0.73 – 0.66 (m, 3H); 13C NMR (100 MHz, C6D6) δ 163.2, 
159.2, 149.8, 143.7, 135.1, 134.5, 132.0, 130.0, 129.6, 127.5, 125.6, 122.9, 121.9, 120.6, 120.0, 
119.1, 118.9, 113.3, 112.4, 109.0, 108.1, 57.8, 56.9, 56.8, 55.5, 52.2, 45.4, 37.6, 37.1, 36.0, 35.3, 
28.9, 27.6, 20.9, 20.1, 16.8, 9.1, 8.7, 7.3.  
IR: 2930, 2854, 1618, 1453, 1417, 1371, 1226, 1216, 1195, 752 cm–1; HRMS (ESI/APCI) m/z 
calculated for C39H45N4O [M+H]+: 585.3515, found 585.3582; [α]D22 +131.0° (c = 0.45, CHCl3). 
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Formyl dimer 37. To a flame-dried 10 mL round-bottom flask with stir bar in a nitrogen filled 
glove box was added triflate 23 (30.0 mg, 0.0698 mmol, 1.1 equiv), followed by a solution of 
stannane 36 (30.0 mg, 0.0634 mmol, 1.0 equiv) in NMP (1.25 mL), which had been previously 
degassed by subjugation to five freeze-pump-thaw cycles. The solution was allowed to stir in the 
glovebox for five minutes. Tetrakis(triphenylphosphine)palladium(0) (7.3 mg, 0.0064 mmol, 0.10 
equiv) and copper (I) thiophene-2-carboxylate (13.3 mg, 0.0698 mmol, 1.1 equiv) were added in 
a single portion in quick succession. The reaction mixture was allowed to stir at glovebox 
temperature (26 °C) for 10 minutes, during which the solution turned from yellow to light brown. 
 The vial was removed from the glovebox, diluted with ethyl acetate, and quenched with 
saturated sodium bicarbonate. The aqueous layer was extracted with ethyl acetate (3X), before the 
combined organics were washed with brine (2X), dried with sodium sulfate, and concentrated in 
vacuo. The crude mixture was passed through a pad of silica gel (eluting with 5% methanol in 
dichloromethane) to remove excess NMP, and the eluent was concentrated again in vacuo. 
Preparative TLC (7% methanol/dichloromethane) afforded formyl dimer 37 (25.5 mg, 69% yield, 
4:1 mixture of atropisomers) as a light yellow foam. Note: The two atropisomers were inseparable, 
and peak coalescence could not be obtained using VT NMR; therefore, the characterization data 
for the respective atropisomers were assigned from the mixture based on the relative size and 
integration of peaks. 
Major atropisomer: 1H NMR (400 MHz, CDCl3) δ 11.01 (s, 1H), 8.49 (s, 1H), 7.44 – 7.37 (m, 
1H), 7.33 (s, 1H), 7.01 – 6.91 (m, 1H), 6.79 – 6.68 (m, 1H), 6.09 (dt, J = 8.4, 0.9 Hz, 1H), 5.14 (s, 
1H), 4.41 (s, 1H), 3.94 – 3.82 (m, 1H), 3.61 (s, 3H), 3.49 – 3.34 (m, 2H), 3.32 – 3.14 (m, 3H), 3.14 
– 2.94 (m, 3H), 2.90 – 2.69 (m, 2H), 2.66 – 2.53 (m, 1H), 1.95 (dp, J = 29.2, 7.3 Hz, 2H), 1.85 – 
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MHz, CDCl3) δ 193.7, 163.4, 159.1, 149.7, 134.9, 134.7, 133.7, 130.7, 128.6, 128.5, 127.3, 125.8, 
121.6, 119.5, 118.7, 118.1, 117.4, 111.0, 107.2, 106.8, 57.1, 56.8, 56.3, 56.0, 51.9, 45.4, 37.6, 36.0, 
35.8, 35.2, 30.9, 29.8, 27.6, 20.7, 19.9, 16.6, 8.9, 7.4. 
Minor atropisomer: 1H NMR (400 MHz, CDCl3) δ 10.85 (s, 1H), 8.39 (s, 1H), 7.46 (s, 1H), 7.44 
– 7.37 (m, 1H), 7.01 – 6.91 (m, 1H), 6.79 – 6.68 (m, 1H), 6.21 (dt, J = 8.4, 0.9 Hz, 1H), 5.01 (s, 
1H), 4.41 (s, 1H), 3.94 – 3.82 (m, 1H), 3.87 (s, 3H), 3.49 – 3.34 (m, 2H), 3.32 – 3.14 (m, 3H), 3.14 
– 2.94 (m, 3H), 2.90 – 2.69 (m, 2H), 2.66 – 2.53 (m, 1H), 1.95 (dp, J = 29.2, 7.3 Hz, 1H), 1.85 – 
1.75 (m, 3H), 1.72 – 1.55 (m, 2H), 1.54 – 1.23 (m, 6H), 1.01 (q, J = 7.6 Hz, 6H); 13C NMR (100 
MHz, CDCl3) δ 193.5, 163.5, 159.1, 149.2, 134.8, 134.3, 131.3, 131.1, 130.2, 128.9, 127.5, 127.1, 
126.2, 119.6, 119.0, 118.2, 117.3, 111.8, 107.7, 107.1, 57.1, 56.7, 56.3, 56.0, 52.0, 45.4, 37.5, 35.9, 
35.9, 35.2, 30.8, 30.0, 27.6, 20.8, 20.0, 16.6, 9.0, 7.4. 
IR: 2923, 1694, 1456, 1214, 1042, 754, 744 cm–1; HRMS (ESI/APCI) m/z calculated for 
C38H43N4O2 [M+H]+: 587.3386, found 587.3368; [α]D22 +381.8° (c 0.32, CHCl3). 
 
Synthesis of 16’-epi-Leucophyllidine 40 
 
Phenol 38: To a flame dried, 10-mL round-bottom flask with stir bar was added a solution of 
formyl dimer 37 (20.5 mg, 0.035 mmol, 1.0 equiv) in dichloromethane (1.4 mL). Ethylene glycol 
(12 µL, 0.209 mmol, 6.0 equiv) was added before the reaction was cooled to 0 °C. Boron trifluoride 
diethyl etherate (52 µL, 0.419 mmol, 12.0 equiv) was added dropwise and the reaction was stirred 
for 2 hours at 0 °C. Additional ethylene glycol (12 µL, 0.209 mmol, 6.0 equiv) was then added 
and the reaction was stirred for an additional 1 hour.  
After full consumption of the starting material, as determined by LCMS, the flask was 
warmed to room temperature and quenched with saturated aqueous sodium bicarbonate. The 
solution was transferred to a separatory funnel, the organic layer was separated, and the aqueous 
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brine, dried with sodium sulfate, and concentrated in vacuo. The combined organic extracts were 
filtered through a plug of silica gel, eluting with 10% methanol in dichloromethane. The eluent 
was concentrated in vacuo, transferred to a one-dram vial, dried under high vacuum, and used 
directly in the next reaction without further purification. 
 A vial containing the crude dioxolane was charged with a stir bar, placed under nitrogen 
atmosphere, and added a freshly prepared solution of sodium ethanethiol in DMF (0.4 M, 1.75 mL, 
0.70 mmol, 20.0 equiv). The vial was then quickly sealed with a Teflon-lined cap, and the reaction 
was heated to 150 °C for 10 minutes, after which no starting material remained as indicated by 
LCMS. The vial was cooled to room temperature, quenched with 1:1 30% ammonium hydroxide 
solution/brine, and extracted with ethyl acetate (5X). The combined organic extracts were washed 
with 10% aqueous lithium chloride solution, then brine, dried over sodium sulfate, and 
concentrated in vacuo. Preparative TLC (8% methanol/dichloromethane) afforded phenol 38 (13.0 
mg, 60% yield, 2.3:1 mixture of atropisomers) as a light, yellow oil.  Note: The two atropisomers 
were inseparable, and peak coalescence could not be obtained using VT NMR; therefore, the 
characterization data for the respective atropisomers were assigned from the mixture based on the 
relative size and integration of peaks. 
Major atropisomer:  1H NMR (600 MHz, CDCl3) δ 8.14 (s, 1H), 7.86 (s, 1H), 7.36 – 7.30 (m, 1H), 
6.87 (t, J = 7.4 Hz, 1H), 6.36 (s, 1H), 6.28 (t, J = 7.8 Hz, 1H), 5.86 (d, J = 8.5 Hz, 1H), 5.17 (s, 
1H), 4.39 (s, 1H), 4.36 – 4.26 (m, 2H), 4.22 – 4.10 (m, 1H), 3.87 – 3.82 (m, 1H), 3.45 – 3.29 (m, 
3H), 3.12 (td, J = 13.2, 3.4 Hz, 1H), 3.06 – 2.98 (m, 1H), 2.84 – 2.74 (m, 3H), 2.69 (d, J = 11.2 
Hz, 2H), 2.53 (dd, J = 37.2, 15.8 Hz, 1H), 2.20 – 2.14 (m, 1H), 2.04 – 1.82 (m, 2H),  1.81 – 1.60 
(m, 3H), 1.60 – 1.30 (m, 6H), 1.01 (dt, J = 11.4, 7.4 Hz, 3H), 0.92 (dt, J = 15.1, 7.5 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ 160.6, 155.9, 148.9, 137.2, 134.7, 134.6, 130.9, 128.5, 126.7, 126.3, 
124.7, 121.6, 119.5, 118.9, 117.8, 117.6, 113.3, 111.2, 107.1, 100.7, 65.6, 65.6, 56.6, 55.8, 55.6, 
51.6, 45.2, 37.3, 36.0, 35.1, 35.0, 30.5, 29.8, 27.6, 20.8, 19.5, 16.6, 8.9, 7.4. 
Minor atropisomer:  1H NMR (600 MHz, CDCl3) δ 8.04 (s, 1H),  7.60 (s, 2H), 7.43 (d, J = 7.8 Hz, 
1H), 7.02 (t, J = 7.3 Hz, 1H), 6.85 – 6.80 (m, 1H), 6.43 (d, J = 8.4 Hz, 1H), 6.18 (s, 1H), 4.36 – 
4.26 (m, 1H), 4.22 – 4.10 (m, 3H), 3.91 (d, J = 13.6 Hz, 1H), 3.87 – 3.82 (m, 2H), 3.72 (td, J = 
7.7, 6.4 Hz, 1H), 3.45 – 3.29 (m, 1H), 3.20 (td, J = 13.0, 3.3 Hz, 1H), 3.12 (td, J = 13.2, 3.4 Hz, 
1H), 3.06 – 2.98 (m, 1H), 2.93 (d, J = 17.6 Hz, 1H), 2.84 – 2.74 (m, 3H), 2.69 (d, J = 11.2 Hz, 
2H), 2.56 (dd, J = 37.2, 15.8 Hz, 1H), 2.04 – 1.82 (m, 1H),  1.81 – 1.60 (m, 3H), 1.60 – 1.30 (m, 
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6 H), 1.01 (dt, J = 11.4, 7.4 Hz, 3H), 0.92 (dt, J = 15.1, 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ 162.3, 154.6, 148.5, 137.7, 134.3, 131.9, 131.2, 128.9, 127.0, 125.1, 122.4, 121.8, 119.9, 119.8, 
118.4, 117.8, 113.5, 111.7, 108.1, 100.4, 65.4, 64.9, 56.7, 56.5, 56.0, 37.5, 35.3, 32.1, 31.9, 30.9, 
29.5, 29.4, 27.6, 22.8, 20.0, 16.7, 14.3, 8.9, 7.4.  
IR: 2924, 1614, 1455, 1214, 968, 757, cm–1; HRMS (ESI/APCI) m/z calculated for C39H44N4O3 
[M + H]+: 617.3492, found, 617.3477; [α]D22 +6.4° (c 0.50, CHCl3). 
0.4M Sodium Ethanethiol Stock Solution. To a flame-dried 25-mL round bottom flask with stir 
bar was added DMF (10 mL) and thioethanol (0.29 mL). Sodium hydride (160 mg, 60% dispersion 
in mineral oil) was added portionwise. The solution was then stirred for 10 minutes prior to use. 
Freshly prepared solutions of sodium ethanethiol tend to result in a cleaner reaction profile and 
shorter reaction times than solutions prepared directly from sodium ethanethiol salt.  
 
Hydrogenated product 39: In a nitrogen-filled glovebox, a 20-mL scintillation vial with stir bar 
was charged with enamine 38 (13.0 mg, 0.0211 mmol, 1.0 equiv), lithium tert-butoxide (3.4 mg, 
0.0422 mmol, 2.0 equiv), and methanol (0.21 mL, 0.1M in starting material.) The mixture was 
stirred at room temperature in the glovebox for 10 minutes, then a solution of 1,4-
Bis(diphenylphosphino)butane](1,5-cyclooctadiene)-rhodium(I) tetrafluoroborate  (1.53 mg in 1.9 
mL MeOH, 0.00211 mmol, 0.1 equiv) was added. The vial was capped with a PTFE-lined septum 
and pierced with two 21 gauge needles. After placing the vial in a Parr reactor, the top of the vessel 
was covered with plastic wrap and adhered with a rubber band. The reactor was removed from the 
glovebox and the pressure gauge was then quickly screwed in place and tightened. The reactor was 
charged with hydrogen gas (5–10 bar), and slowly released. After 3 cycles of this process, the 
bomb was charged with 20 bar of hydrogen gas and stirred at 400 rpm at 23 °C for 16 hours. 
After this time, the hydrogen pressure was vented and the reaction vial was removed from 












H2 (20 bar), MeOH
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was quenched with acetic acid (2.5 uL, 0.0422, 2.0 equiv) and concentrated in vacuo. The crude 
material was >90% pure by 1H NMR and can be used in the next step without further purification.  
For characterization purpose, the crude material was purified using reverse-phase (C18) 
preparative-HPLC (MeCN/0.1% trifluoroacetic acid in water, 5.0 mL/min, monitor wavelength = 
245 nm, 25–49% MeCN over 8 min, ramp to 95% MeCN over 0.3 min, and hold at 95% for 1.7 
min (TR = 6.8 min, total run time = 10 min) to provide 39 a colorless solid, and as a single 
diastereomer.  
Note: Preparation of a sample for NMR spectroscopy using CDCl3 resulted in significant 
decomposition. The originally pale yellow solution turned darker in color which is hypothesized 
to occur via oxidation due to the appearance of M+16 peaks by LCMS. Thus, this mixture was 
further purified by preparative-TLC (10% MeOH/EtOAc) to afford a colorless solid (1.9 
mg);  [α]D25 +311.9° (c = 0.12, CH3OH); 1H NMR (400 MHz, C6D6) δ 10.10 (s, 1H), 7.61 (d, J = 
7.8 Hz, 1H), 7.52 (s, 1H), 7.20 (t, J = 7.5 Hz, 1H), 7.13 – 7.10 (m, 1H, overlapped with residual 
C6H6 peak, see HSQC), 7.03 (t, J = 7.5 Hz, 1H), 6.34 (d, J = 7.9 Hz, 1H), 5.98 (s, 1H), 3.90 – 3.76 
(m, 2H), 3.47 – 3.37 (m, 2H), 3.37 – 3.28 (m, 2H), 3.23 (q, J = 7.5 Hz, 1H), 3.13 – 2.97 (m, 2H), 
2.97 – 2.80 (m, 2H), 2.78 – 2.64 (m, 3H), 2.62 – 2.42 (m, 4H), 2.41 – 2.30 (m, 1H), 2.24 – 2.14 
(m, 1H), 2.10 – 1.93 (m, 1H), 1.81 – 1.63 (m, 1H), 1.51 – 1.44 (m, 1H), 1.41 – 1.22 (m, 1H, 
overlapped with grease peaks), 1.21 – 1.13 (m, 1H), 1.07 – 1.00 (m, 1H), 1.00 – 0.89 (m, 2H, 
overlapped with grease peaks), 0.88 – 0.75 (m, 5H), 0.69 (d, J = 10.8 Hz, 1H), 0.53 (t, J = 7.4 Hz, 
3H); 13C NMR (100 MHz, C6D6) δ 159.0, 156.3, 148.9, 138.5, 136.2, 133.4, 130.4, 128.8, 125.3, 
123.4, 121.1, 119.6, 118.6, 117.7, 113.8, 112.8, 104.4, 100.5, 65.0, 64.9, 59.8, 56.2, 55.6, 52.2, 
51.7, 45.8, 38.3, 36.0, 35.9, 35.2, 35.0, 30.3, 30.0, 26.3, 21.8, 19.0, 17.7, 7.9, 7.1; IR (Neat Film, 
NaCl) 3420, 2925, 2855, 1631, 1434, 1362, 1236, 1209, 1098, 1008, 736, 681 cm–1; HRMS 
(FAB+) m/z calc’d for C39H47N4O3 [M+H]+: 619.3644, found 619.3648. 
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16’-epi-leucophyllidine 40: To a 1-dram vial containing hydrogenated compound 39 (1.9 mg, 
0.0032 mmol) was added THF (0.32 mL, 0.01M) and 1M aq HCl (0.32 mL, 0.32 mmol, 100 equiv). 
The reaction was sealed with a Teflon-lined vial cap and placed in a pre-heated heating block at 
70 °C. After stirring for 25 minutes, the reaction was complete as determined by LCMS, so the 
reaction was cooled to room temperature and quenched with saturated sodium bicarbonate to pH 
~ 7. The aqueous layer was extracted with ethyl acetate, dried over sodium sulfate, and 
concentrated in vacuo to afford the intermediate aldehyde as a pale yellow solid, which was used 
directly in the next step.  
In a 1-dram vial, the crude material from the previous step was dissolved in THF (0.32 mL, 
0.01M), and a solution of TMSMeMgCl (1M in Et2O, 33 uL, 0.032, 10 equiv) was added. The 
reaction was stirred at 23 °C for 30 minutes, after which full consumption of the starting material 
was observed by LCMS. The reaction was quenched with saturated aqueous ammonium chloride. 
The aqueous layer was extracted with ethyl acetate (3X) followed by dichloromethane (2X). The 
combine organic phases were dried over sodium sulfate  and concentrated under vacuum to provide 
a colorless solid, which was subjected to the elimination step without further purification. 
In a 1-dram vial, the intermediate crude was dissolved in THF (0.32 mL, 0.01M), and the 
solution was sparged under argon for 5 minutes. The vial was sealed with a Teflon-lined cap and 
brought into a nitrogen-filled glovebox. Potassium hydride (0.65 mg, 0.016 mmol, 5 equiv) was 
added and the reaction mixture was stirred at 23 °C for 2 hours. At this point, full conversion of 
starting material was observed by LCMS so the reaction was brought out of the glovebox and 
quenched with saturated aqueous ammonium chloride at 0 °C. The layers were separated and the 
aqueous layer was extracted with ethyl acetate (3X) followed by dichloromethane (2X). The 
combined organic phases were dried over sodium sulfate and concentrated under vacuum. The 
crude mixture was purified by preparative-TLC (10% MeOH/EtOAc) to afford epi-leucophyllidine 







H1. 1M HCl (aq)/THF (1:1)
    70 °C, 25 min
2. TMSCH2Cl
     THF, 23 C, 30 min
3. KH, THF, 23 C, 2 h
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(600 MHz, CDCl3) δ 7.97 (s, 1H), 7.52 (d, J = 7.6 Hz, 1H), 7.01 (t, J = 7.5 Hz, 1H), 6.85 (t, J = 
7.6 Hz, 1H), 6.69 (d, J = 7.5 Hz, 1H), 6.37 (s, 1H), 6.29 (dd, J = 18.0, 11.7 Hz, 1H), 5.94 (d, J = 
7.7 Hz, 1H), 5.08 (d, J = 11.8 Hz, 1H), 4.21 (d, J = 17.9 Hz, 1H), 4.06 (s, 1H), 3.75 (d, J = 13.4 
Hz, 1H), 3.47 – 3.32 (m, 2H), 3.24 – 3.09 (m, 2H), 3.04 (d, J = 13.1 Hz, 1H), 2.88 (d, J = 13.1 Hz, 
1H), 2.77 – 2.65 (m, 3H), 2.62 (d, J = 14.7 Hz, 1H), 2.49 (d, J = 17.8 Hz, 1H), 2.41 (d, J = 17.7 
Hz, 1H), 2.35 (dd, J = 14.8, 7.8 Hz, 1H), 2.18 – 2.10 (m, 1H), 1.81 – 1.13 (m, 11H, overlapped 
with grease peaks), 0.98 – 0.67 (m, 6H, overlapped with grease peaks); 13C NMR (100 MHz, 
CDCl3) δ 160.5, 154.8, 147.2, 143.5, 135.8, 132.5, 130.6, 129.4, 128.4, 125.5, 122.3, 121.4, 120.5, 
119.2, 118.2, 118.1, 112.0, 111.1, 105.1, 59.9, 57.5, 55.6, 52.0, 50.9, 45.5, 36.9, 36.4, 36.4, 35.8, 
35.2, 30.7, 30.2, 25.9, 21.5, 19.5, 17.2, 7.8, 7.3; IR (Neat Film, NaCl) 3314, 2925, 2858, 1662, 
1455, 1372, 1264, 1237, 1091, 1016, 806, 738 cm–1; HRMS (FAB+) m/z calc’d for C38H45N4O 
[M+H]+: 573.3593, found 573.3618. 
Note: Stereochemical information at C16’ cannot be confirmed via 2D NOESY 
experiment. We did not observe a correlation between H16’ and H21’. The absolute 
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Additional Results 























Pd(PPh3)2Cl2 (10 mol%), 1,4-dioxane, 90 °C
Pd(PPh3)4 (10 mol%), LiCl (4 equiv), 1,4-dioxane, 100 °C
Pd(PPh3)4 (10 mol %), CuI (8 mol %), LiCl (4 equiv), dioxane, 100 °C










Pd(PPh3)4 (10 mol %), CuTC (1.5 equiv), NMP, 23 °C
CuTC (1.5 equiv), NMP, 23 °C












9 < 5%Br Pd2(dba)3 (1 mol %), P(t-Bu)3 (2 mol %), CsF (2 equiv) NMP, 80 °C
* Yields recorded by 1H NMR with 2,3,5,6-tetrachloronitrobenzene as an internal standard.
** Isolated yield
















23, SI4, or SI5
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H2 (60 atm), 10% Pd/C, EtOAc, 23°C, 24 h
8
HCHO (6.5 equiv), 10% Pd/C, MeOH/DMF (7:1), 23 to 50 °C
9
NH4HCHO, 10% Pd/C, EtOH, 80 °C, 10 min
10
Raney Ni (20 wt equiv), i-PrOH/H2O (10 : 1), 80 °C,
H2 (10 atm), 5% Rh/C, MeOH, 23°C, 24 h
H2, (1 → 50 bar) [Ir(COD)pyr(PCy3)]PF6, CH2Cl2, 23 °C, 12 h
H2, (1 → 50 bar) [Ir(COD)pyr(PCy3)]BArF, CH2Cl2, 23 °C, 12 h








Complex MixtureH2, (1 → 50 bar), Ir(COD)Cl2 (1 mol %), I2 (20 mol %), CH2Cl2, 23 °C
Complex mixture





Md(dpm)3 (20 mol %), PhSiH3 3 equiv), TBHP (3 equiv), i-PrOH
Fe(acac)3 (10 equiv), PhSiH3 (25 equiv), EtOH, 60 °C
Aldehyde reduction
Aldehyde reduction
Complex mixtureCo(acac)2, Et3SiH (100 equiv), 1,4-CHD (100 equiv), n-PrOH, 40 °C
Fe(acac)2•6H2O, NaBH4, TFE/H2O (1:300) Aldehyde reduction
18
19
DecompositionLi(0), NH3, THF, –78 °C
Na–SG, THF, 23 °C, then MeOH No reaction




BH3 • THF, Magic Blue, CH2Cl2, 0 to 23 °C No reaction
Aldehyde reductionNaBH3CN, HCl/MeOH, 23 to reflux

































21 No reactionSmI2, H2O, THF, 23 °C
putative putative
XX XX
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Table S3. Epimerization attempts of 16’-epi-leucophyllidine 40 
 
 































1% TFA/CDCl3, 23 → 55 °C
PhH, 60°C
PhMe, 100 °C
Cs2CO3, DCE, 23 → 60 °C



































NMP/H2O, 23 °C, Blue LED
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NMR Comparisons of (8) and 33 with Previously Synthesized Material 







(This research, 400 MHz) 
Synthetic Eburnamonine 
(Pandey, 400 MHz)13 
8.37 (m, 1H) 8.38 (m, 1H) 
7.44 (m, 1H) 7.45 (m, 1H) 
7.32 (m, 2H) 7.33 (m, 2H) 
4.05 (bs) 3.99 (bs, 1H) 
3.38 (dd, J = 13.9, 6.7 Hz) 3.30 (m, 2H) 
3.29 (ddd, J = 13.9, 11.3, 5.8 Hz) 3.30 (m, 2H) 
2.92 (dddd, J = 16.9, 11.3, 6.7, 2.9 Hz, 1H) 2.91 (m, 1H) 
2.69 (d, J = 16.8 Hz, 1H) 2.64 (m, 3H) 
2.66 (bs, 1H) 2.64 (m, 3H) 
2.60 (d, J = 16.8 Hz, 1H) 2.64 (m, 3H) 
2.50 (m, 2H) 2.46 (m, 2H) 
2.09 (dq, J = 15.1, 7.6 Hz, 1H) 2.06 (m, 1H) 
1.81 (qt, J = 13.2, 3.9 Hz, 1H) 1.72 (m, 2H) 
1.68 (dq, J = 14.7, 7.4 Hz, 1H) 1.72 (m, 1H) 
1.51 (ddt, J = 13.6, 3.6, 1.9 Hz, 1H) 1.50 (d, J = 13.7, 1H) 
1.42 (m, 1H) 1.40 (m, 1H) 
1.05 (td, J = 13.6, 3.9 Hz, 1H) 1.05 (dt, J = 13.5, 3.8 Hz, 1H) 
0.94 (t, J = 7.6 Hz, 3H) 0.94 (t, J = 7.6 Hz, 3 H) 
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Table S6. Comparison of eburnamonine (8) 13C NMR peaks to previously synthesized material. 
 
Synthetic Eburnamonine 
(This research, 100 MHz) 
Synthetic Eburnamonine 
























 SI 40 







(This research, 400 MHz) 
Synthetic O-methyleucophylline 
(Landais, 300 MHz)14 
7.92 (d, J = 9.2 Hz, 1H) 7.91 (d, 1H, J = 9.3 Hz) 
7.27 (d, J = 2.6 Hz, 1H), 7.27 ( d, 1H , J = 2.7 Hz) 
7.03 (dd, J = 9.2, 2.6 Hz, 1H) 7.02 (dd, 1H , J = 2.7, 9.3 Hz) 
6.84 (ddt, J = 17.9, 11.6, 0.9 Hz, 1H) 6.83 (dd, 1H, J = 11.7, 18 Hz) 
5.84 (dd, J = 11.7, 1.8 Hz, 1H 5.83 (dd, 1H, J = 1.8, 11.7 Hz) 
5.54 (dd, J = 18.0, 1.8 Hz, 1H) 5.53 (dd, 1H, J = 1.8, 18 Hz) 
3.91 (s, 3H) 3.90 (s, 3H), 
3.81 – 3.72 (m, 1H) 3.84–3.73 (m, 1H) 
3.18 (ddd, J = 13.5, 12.4, 3.7 Hz, 1H) 3.24–3.12 (m, 1H) 
3.07 (dd, J = 13.2, 2.1 Hz, 1H) 3.06 (dd, 1H, J = 1.8, 13.2 Hz) 
2.94 (ddd, J = 13.2, 3.0, 1.1 Hz, 1H) 2.93 (dd, 1H, J = 1.5, 13.2 Hz) 
2.72 (dt, J = 17.7, 1.3 Hz, 1H) 2.71 (d, 1H, J = 17.7 Hz) 
2.60 – 2.51 (m, 1H) 2.54 (dd, 1H, J = 1.5, 17.7 Hz) 
1.80–1.71 (m, 1H) 1.80–1.25 (m, 4H) 
1.56 (tdd, J = 13.1, 5.5, 1.6 Hz, 1H), 1.80–1.25 (m, 4H) 
1.39 – 1.32 (m, 3H) 1.35 (q, 2H, J = 7.5 Hz) 
1.31 – 1.28 (m, 1H) 1.80–1.25 (m, 4H) 
0.95 (t, J = 7.6 Hz, 4H) 0.94 (t, 3H, J = 7.5 Hz) 
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Table S8. Comparison of O-methyl eucophylline 33 13C NMR peaks to previously synthesized 
material. 
Synthetic O-methyleucophylline 
(This research, 100 MHz) 
Synthetic O-methyleucophylline 
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Comparative Syntheses 
 
Table S9. Comparative asymmetric syntheses of eburnamonine (8) 
Synthesis (Year) Chirality Source Steps Enantiomer Reference(s) 
Takano, 1985 Chiral Pool 
(L-glutamic acid) 
16 (–) 15 
Winterfeldt, 1987 Chiral Aux 
(iso-borneol) 
12 (–) and (+) 16 
Fuji, 1987 Chiral Aux. 
(S)-2-pyrrolidine-
methanol 
14 (–) 17 
Fuji, 1990 Chiral Aux. 
(S)-2-pyrrolidine-
methanol 
13 (–) 18 
Pettus, 1997 Chiral Aux. 
(S)-2-pyrrolidine-
methanol 
13 (–) 19 
Wee, 2000 Chiral Aux.  
(N-butanoyl-
oxazolidinone) 
19 (–) 20 
Iwabuchi, 2009 Enzymatic Res. 24 (–) 21 
Prasad, 2012 Chiral Pool 
(L-ethyl lactate) 
15 (–) 22 
Pandey, 2017 Chiral Pool 
(L-ethyl lactate) 
20 (+) 13 
Stoltz, 2021 Asymmetric 
Catalysis 
10 (+) This research 
 
Table S10. Comparative asymmetric syntheses of eucophylline (5) 
Synthesis (Year) Chirality Source Steps Enantiomer Reference(s) 
Pandey, 2017 Chiral Pool 
(L-ethyl lactate) 
22 (–) 13 
Stoltz, 2021 Asymmetric 
Catalysis 
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Crystal Structure Analysis of 40 (sample No.: V20141) 
16’-epi-leucophyllidine 40 was recrystallized via liquid-liquid diffusion (EtOAc/Et2O) at 
room temperature to provide crystals suitable for X-ray analysis. 
Compound V20141 crystallizes in the tetragonal space group P41212 with one molecule in 
the asymmetric unit along with two half molecules of ethyl acetate and 1.5 molecules of water. 
The highest electron density maximum is located in a location consistent with the disorder of a 
modeled disordered group. Additional disorder was attempted in this position, however, the 
refinement was not stable. One ethyl acetate is located near a crystallographic two-fold rotation 
axis and disordered over four positions, two of which are pairwise related to the other two by 
rotation. 
 
Table S11.  Crystal data and structure refinement for V20141. 
Identification code  V20141 
Empirical formula  C42 H55 N4 O4.50 
Formula weight  687.90 
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Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Tetragonal 
Space group  P41212 
Unit cell dimensions a = 12.6863(4) Å a= 90°. 
 b = 12.6863(4) Å b= 90°. 
 c = 51.751(2) Å g = 90°. 
Volume 8328.9(6) Å3 
Z 8 
Density (calculated) 1.097 Mg/m3 
Absorption coefficient 0.564 mm-1 
F(000) 2968 
Crystal size 0.300 x 0.200 x 0.150 mm3 
Theta range for data collection 3.587 to 74.496°. 
Index ranges -15<=h<=15, -15<=k<=15, -64<=l<=64 
Reflections collected 72467 
Independent reflections 8500 [R(int) = 0.0422] 
Completeness to theta = 67.679° 99.9 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7542 and 0.6540 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8500 / 288 / 595 
Goodness-of-fit on F2 1.157 
Final R indices [I>2sigma(I)] R1 = 0.0898, wR2 = 0.2520 
R indices (all data) R1 = 0.0909, wR2 = 0.2530 
Absolute structure parameter 0.05(7) 
Extinction coefficient n/a 
Largest diff. peak and hole   1.087 and -0.442 e.Å-3 
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Table S12.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters 
(Å2x 103) for V20141.  U(eq) is defined as one third of  the trace of the orthogonalized Uij 
tensor. 
______________________________________________________________________________  
 x y z U(eq) 
______________________________________________________________________________  
O(1) 4034(3) 338(3) 5043(1) 37(1) 
C(1) 3694(4) 460(4) 4795(1) 32(1) 
C(2) 3223(4) 1356(3) 4706(1) 30(1) 
C(3) 2879(4) 1426(4) 4445(1) 31(1) 
N(1) 2380(3) 2321(3) 4369(1) 31(1) 
C(4) 2035(4) 2387(3) 4129(1) 31(1) 
N(2) 1527(4) 3356(3) 4068(1) 39(1) 
C(5) 436(5) 3360(5) 4169(1) 54(2) 
C(6) -230(5) 2510(6) 4039(1) 61(2) 
C(7) -163(5) 2574(5) 3744(1) 56(2) 
C(8) 972(5) 2688(4) 3639(1) 44(1) 
C(9) 1653(4) 1697(4) 3676(1) 36(1) 
C(10) 2144(4) 1574(3) 3943(1) 28(1) 
C(11) 2706(4) 682(4) 4011(1) 30(1) 
C(12) 3076(4) 581(3) 4272(1) 29(1) 
C(13) 3568(4) -334(4) 4373(1) 31(1) 
C(14) 3836(4) -421(4) 4626(1) 32(1) 
C(15) 1535(5) 3565(4) 3788(1) 45(1) 
C(16) 936(6) 2997(5) 3350(1) 56(2) 
C(17) 399(6) 2189(6) 3176(1) 57(2) 
C(18) 2924(5) -144(4) 3814(1) 41(1) 
C(19) 3825(6) -656(7) 3778(1) 42(3) 
C(19A) 3906(18) 10(20) 3708(5) 48(7) 
C(20) 4301(4) -1433(4) 4741(1) 33(1) 
N(3) 4745(3) -2114(3) 4543(1) 31(1) 
C(21) 3489(4) -2071(4) 4907(1) 36(1) 
C(22) 2744(4) -2846(4) 4769(1) 35(1) 
C(23) 1940(4) -2303(4) 4593(1) 41(1) 
C(24) 1339(5) -3116(5) 4428(1) 49(1) 
C(25) 2111(5) -3738(5) 4266(1) 47(1) 
C(26) 3616(5) -4950(4) 4285(1) 46(1) 
N(4) 2858(4) -4300(3) 4433(1) 38(1) 
C(27) 4338(5) -4326(4) 4098(1) 44(1) 
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C(28) 4709(4) -3352(4) 4231(1) 37(1) 
C(29) 5523(4) -2605(4) 4170(1) 38(1) 
C(30) 6256(5) -2504(5) 3968(1) 54(2) 
C(31) 6955(6) -1655(6) 3970(1) 64(2) 
C(32) 6937(6) -922(5) 4168(1) 62(2) 
C(33) 6225(5) -996(5) 4368(1) 49(1) 
C(34) 5522(4) -1847(4) 4368(1) 36(1) 
C(35) 3440(4) -3590(3) 4607(1) 33(1) 
C(36) 4252(4) -3014(3) 4453(1) 31(1) 
C(37) 2184(5) -3521(5) 4979(1) 48(1) 
C(38) 1452(6) -2911(6) 5161(1) 63(2) 
O(1W) 3981(3) 2118(3) 5294(1) 36(1) 
O(2W) 4054(4) 4054(4) 5000 62(2) 
C(11S) 5654(17) -1276(11) 5508(3) 40(3) 
C(12S) 5424(11) -2358(11) 5505(3) 32(2) 
O(11S) 4989(10) -2878(10) 5648(2) 49(3) 
O(12S) 5762(8) -2778(7) 5268(2) 28(2) 
C(13S) 5521(10) -3877(8) 5218(2) 23(2) 
C(14S) 6058(12) -4155(11) 4962(3) 26(3) 
C(11T) 5300(20) -1650(40) 5521(6) 45(5) 
C(12T) 6400(20) -1530(30) 5514(4) 40(4) 
O(11T) 7020(20) -1270(20) 5661(4) 57(6) 
O(12T) 6779(15) -1579(15) 5257(3) 37(3) 
C(13T) 7913(19) -1440(20) 5220(5) 39(5) 
C(14T) 8200(20) -1700(20) 4941(4) 34(6) 
C(21S) 38(17) -444(14) 4282(5) 119(6) 
C(22S) -107(17) 309(18) 4479(5) 131(6) 
O(21S) -873(19) 820(20) 4489(5) 194(9) 
O(22S) 408(14) 101(13) 4712(4) 142(6) 
C(23S) 440(30) 770(20) 4937(6) 143(8) 
C(24S) 1070(20) 250(18) 5163(6) 136(8) 
______________________________________________________________________________ 
 
Table S13.   Bond lengths [Å] and angles [°] for  V20141. 
_____________________________________________________  
O(1)-C(1)  1.360(5) 
O(1)-H(1O)  0.86(3) 
C(1)-C(2)  1.365(7) 
C(1)-C(14)  1.431(6) 
C(2)-C(3)  1.419(6) 
 SI 47 
C(2)-H(2)  0.9500 
C(3)-N(1)  1.359(6) 
C(3)-C(12)  1.420(6) 
N(1)-C(4)  1.322(6) 
C(4)-C(10)  1.417(6) 
C(4)-N(2)  1.423(6) 
N(2)-C(15)  1.475(7) 
N(2)-C(5)  1.479(8) 
C(5)-C(6)  1.524(10) 
C(5)-H(5A)  0.9900 
C(5)-H(5B)  0.9900 
C(6)-C(7)  1.534(10) 
C(6)-H(6A)  0.9900 
C(6)-H(6B)  0.9900 
C(7)-C(8)  1.543(9) 
C(7)-H(7A)  0.9900 
C(7)-H(7B)  0.9900 
C(8)-C(15)  1.529(7) 
C(8)-C(9)  1.538(7) 
C(8)-C(16)  1.547(8) 
C(9)-C(10)  1.522(6) 
C(9)-H(9A)  0.9900 
C(9)-H(9B)  0.9900 
C(10)-C(11)  1.384(6) 
C(11)-C(12)  1.433(6) 
C(11)-C(18)  1.488(7) 
C(12)-C(13)  1.418(6) 
C(13)-C(14)  1.358(7) 
C(13)-H(13)  0.9500 
C(14)-C(20)  1.531(6) 
C(15)-H(15A)  0.9900 
C(15)-H(15B)  0.9900 
C(16)-C(17)  1.526(8) 
C(16)-H(16A)  0.9900 
C(16)-H(16B)  0.9900 
C(17)-H(17A)  0.9800 
C(17)-H(17B)  0.9800 
C(17)-H(17C)  0.9800 
C(18)-C(19)  1.328(9) 
C(18)-C(19A)  1.38(2) 
 SI 48 
C(18)-H(18)  0.9500 
C(18)-H(18A)  0.9500 
C(19)-H(19A)  0.9500 
C(19)-H(19B)  0.9500 
C(19A)-H(19C)  0.9500 
C(19A)-H(19D)  0.9500 
C(20)-N(3)  1.452(6) 
C(20)-C(21)  1.568(7) 
C(20)-H(20)  1.0000 
N(3)-C(36)  1.383(6) 
N(3)-C(34)  1.383(6) 
C(21)-C(22)  1.542(7) 
C(21)-H(21A)  0.9900 
C(21)-H(21B)  0.9900 
C(22)-C(23)  1.532(7) 
C(22)-C(35)  1.539(6) 
C(22)-C(37)  1.555(7) 
C(23)-C(24)  1.541(8) 
C(23)-H(23A)  0.9900 
C(23)-H(23B)  0.9900 
C(24)-C(25)  1.507(8) 
C(24)-H(24A)  0.9900 
C(24)-H(24B)  0.9900 
C(25)-N(4)  1.467(7) 
C(25)-H(25A)  0.9900 
C(25)-H(25B)  0.9900 
C(26)-N(4)  1.481(7) 
C(26)-C(27)  1.549(8) 
C(26)-H(26A)  0.9900 
C(26)-H(26B)  0.9900 
N(4)-C(35)  1.473(6) 
C(27)-C(28)  1.491(7) 
C(27)-H(27A)  0.9900 
C(27)-H(27B)  0.9900 
C(28)-C(36)  1.357(7) 
C(28)-C(29)  1.436(7) 
C(29)-C(34)  1.404(7) 
C(29)-C(30)  1.406(7) 
C(30)-C(31)  1.396(10) 
C(30)-H(30)  0.9500 
 SI 49 
C(31)-C(32)  1.384(11) 
C(31)-H(31)  0.9500 
C(32)-C(33)  1.375(9) 
C(32)-H(32)  0.9500 
C(33)-C(34)  1.400(8) 
C(33)-H(33)  0.9500 
C(35)-C(36)  1.493(6) 
C(35)-H(35)  1.0000 
C(37)-C(38)  1.534(8) 
C(37)-H(37A)  0.9900 
C(37)-H(37B)  0.9900 
C(38)-H(38A)  0.9800 
C(38)-H(38B)  0.9800 
C(38)-H(38C)  0.9800 
O(1W)-H(1W1)  0.85(3) 
O(1W)-H(1W2)  0.84(3) 
O(2W)-H(2W1)  0.86(3) 
O(2W)-H(2W1)#1  0.86(3) 
C(11S)-C(12S)  1.404(18) 
C(11S)-H(11A)  0.9800 
C(11S)-H(11B)  0.9800 
C(11S)-H(11C)  0.9800 
C(12S)-O(11S)  1.134(16) 
C(12S)-O(12S)  1.404(14) 
O(12S)-C(13S)  1.451(13) 
C(13S)-C(14S)  1.532(15) 
C(13S)-H(13A)  0.9900 
C(13S)-H(13B)  0.9900 
C(14S)-H(14A)  0.9800 
C(14S)-H(14B)  0.9800 
C(14S)-H(14C)  0.9800 
C(11T)-C(12T)  1.40(2) 
C(11T)-H(11D)  0.9800 
C(11T)-H(11E)  0.9800 
C(11T)-H(11F)  0.9800 
C(12T)-O(11T)  1.14(2) 
C(12T)-O(12T)  1.42(2) 
O(12T)-C(13T)  1.46(2) 
C(13T)-C(14T)  1.52(2) 
C(13T)-H(13C)  0.9900 
 SI 50 
C(13T)-H(13D)  0.9900 
C(14T)-H(14D)  0.9800 
C(14T)-H(14E)  0.9800 
C(14T)-H(14F)  0.9800 
C(21S)-C(22S)  1.41(2) 
C(21S)-H(21C)  0.9800 
C(21S)-H(21D)  0.9800 
C(21S)-H(21E)  0.9800 
C(22S)-O(21S)  1.17(2) 
C(22S)-O(22S)  1.39(2) 
O(22S)-C(23S)  1.44(2) 
C(23S)-C(24S)  1.56(2) 
C(23S)-H(23C)  0.9900 
C(23S)-H(23D)  0.9900 
C(24S)-H(24C)  0.9800 
C(24S)-H(24D)  0.9800 
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Table S14.   Anisotropic displacement parameters  (Å2x 103) for V20141.  The anisotropic 
displacement factor exponent takes the form:  -2p2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
O(1) 47(2)  31(2) 34(2)  -2(1) -7(2)  1(2) 
C(1) 39(2)  23(2) 33(2)  -1(2) -1(2)  -5(2) 
C(2) 36(2)  21(2) 34(2)  -4(2) -1(2)  -2(2) 
C(3) 30(2)  24(2) 37(2)  1(2) 1(2)  0(2) 
N(1) 29(2)  24(2) 40(2)  -1(2) -1(2)  4(2) 
C(4) 29(2)  21(2) 42(2)  1(2) -1(2)  -1(2) 
N(2) 40(2)  26(2) 52(2)  1(2) -13(2)  5(2) 
C(5) 53(3)  42(3) 65(3)  -8(3) -8(3)  22(3) 
C(6) 31(3)  72(4) 80(4)  -6(4) 3(3)  8(3) 
C(7) 38(3)  51(3) 78(4)  -10(3) -23(3)  9(3) 
C(8) 46(3)  34(3) 53(3)  5(2) -20(2)  2(2) 
C(9) 35(2)  31(2) 42(2)  4(2) -10(2)  0(2) 
C(10) 26(2)  22(2) 38(2)  2(2) -1(2)  -5(2) 
C(11) 27(2)  28(2) 36(2)  1(2) -2(2)  -8(2) 
C(12) 29(2)  21(2) 35(2)  1(2) -1(2)  -4(2) 
C(13) 36(2)  21(2) 36(2)  -2(2) 2(2)  -2(2) 
C(14) 35(2)  21(2) 39(2)  0(2) 3(2)  2(2) 
C(15) 58(3)  28(2) 51(3)  4(2) -17(3)  0(2) 
C(16) 73(4)  38(3) 58(3)  10(3) -28(3)  0(3) 
C(17) 61(4)  55(4) 55(3)  4(3) -24(3)  -3(3) 
C(18) 54(3)  33(2) 35(2)  0(2) -9(2)  4(2) 
C(19) 56(4)  37(5) 33(3)  1(3) 1(3)  12(3) 
C(19A) 73(12)  26(15) 46(13)  2(11) 17(10)  3(10) 
C(20) 35(2)  30(2) 34(2)  0(2) -6(2)  -3(2) 
N(3) 36(2)  24(2) 34(2)  3(2) 0(2)  2(2) 
C(21) 43(3)  31(2) 33(2)  0(2) 1(2)  5(2) 
C(22) 44(3)  21(2) 40(2)  1(2) 7(2)  2(2) 
C(23) 39(3)  32(2) 52(3)  0(2) 3(2)  6(2) 
C(24) 42(3)  38(3) 68(3)  0(3) -2(3)  -3(2) 
C(25) 42(3)  45(3) 54(3)  -11(2) -4(2)  -2(2) 
C(26) 55(3)  30(3) 52(3)  -10(2) 11(3)  -2(2) 
N(4) 40(2)  26(2) 46(2)  -4(2) 7(2)  -6(2) 
C(27) 52(3)  37(3) 43(3)  -8(2) 11(2)  -6(2) 
C(28) 44(3)  30(2) 37(2)  2(2) 6(2)  0(2) 
C(29) 41(3)  35(3) 39(2)  7(2) 3(2)  -2(2) 
 SI 58 
C(30) 62(4)  52(3) 49(3)  3(3) 20(3)  -10(3) 
C(31) 63(4)  67(4) 62(4)  12(3) 25(3)  -17(3) 
C(32) 61(4)  46(3) 79(4)  13(3) 8(3)  -16(3) 
C(33) 50(3)  39(3) 57(3)  7(3) -2(3)  -6(2) 
C(34) 38(3)  25(2) 45(2)  4(2) 2(2)  3(2) 
C(35) 39(3)  21(2) 39(2)  2(2) 7(2)  1(2) 
C(36) 34(2)  23(2) 36(2)  4(2) -5(2)  1(2) 
C(37) 50(3)  40(3) 53(3)  1(2) 20(3)  -3(2) 
C(38) 62(4)  63(4) 65(4)  6(3) 32(3)  4(3) 
O(1W) 27(2)  42(2) 41(2)  -7(2) 1(1)  2(1) 
O(2W) 52(2)  52(2) 84(5)  11(3) -11(3)  -13(3) 
C(11S) 53(8)  26(6) 40(6)  -8(5) 8(6)  -5(6) 
C(12S) 31(5)  32(6) 34(5)  -8(4) 3(4)  -3(5) 
O(11S) 56(7)  53(6) 39(5)  -9(5) 11(5)  -20(5) 
O(12S) 35(4)  19(4) 29(4)  -2(3) 8(3)  4(3) 
C(13S) 30(6)  14(4) 26(5)  1(4) -5(4)  4(4) 
C(14S) 31(8)  15(6) 33(9)  1(5) 0(5)  10(6) 
C(11T) 53(9)  46(12) 34(10)  -24(11) -5(8)  -10(10) 
C(12T) 50(7)  31(8) 39(7)  -6(7) -6(6)  -4(7) 
O(11T) 56(11)  57(12) 57(9)  0(10) -16(9)  -9(10) 
O(12T) 48(7)  22(6) 39(6)  -8(6) -7(6)  -2(6) 
C(13T) 51(9)  27(9) 41(10)  16(8) -10(8)  2(9) 
C(14T) 35(13)  23(12) 45(14)  11(10) -12(10)  2(10) 
C(21S) 73(11)  49(8) 237(19)  15(10) 21(13)  -2(8) 
C(22S) 81(10)  80(9) 233(17)  4(10) 48(10)  25(8) 
O(21S) 154(15)  174(17) 250(20)  7(16) 58(14)  83(13) 
O(22S) 103(10)  77(8) 247(16)  -30(9) 26(10)  1(7) 
C(23S) 107(14)  72(11) 250(18)  -35(11) 48(13)  12(10) 
C(24S) 124(19)  40(9) 240(20)  -19(12) 55(15)  -32(11) 
______________________________________________________________________________  
 
Table S15.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for V20141. 
______________________________________________________________________________  
 x  y  z  U(eq) 
______________________________________________________________________________  
H(1O) 3980(60) 940(30) 5119(12) 56 
H(2) 3125 1938 4819 36 
H(5A) 114 4059 4137 64 
H(5B) 449 3238 4357 64 
 SI 59 
H(6A) -974 2592 4094 73 
H(6B) 15 1808 4097 73 
H(7A) -584 3184 3684 67 
H(7B) -481 1930 3669 67 
H(9A) 1211 1070 3641 44 
H(9B) 2225 1708 3546 44 
H(13) 3714 -905 4260 37 
H(15A) 2273 3619 3727 55 
H(15B) 1182 4246 3753 55 
H(16A) 560 3677 3334 67 
H(16B) 1666 3104 3289 67 
H(17A) 823 1544 3170 86 
H(17B) 332 2478 3001 86 
H(17C) -303 2027 3244 86 
H(18) 2358 -323 3702 49 
H(18A) 2452 -694 3768 49 
H(19A) 4415 -507 3885 51 
H(19B) 3879 -1172 3646 51 
H(19C) 4334 576 3764 58 
H(19D) 4156 -463 3578 58 
H(20) 4891 -1220 4858 39 
H(21A) 3892 -2474 5038 43 
H(21B) 3048 -1557 5002 43 
H(23A) 2309 -1799 4478 49 
H(23B) 1432 -1901 4699 49 
H(24A) 939 -3599 4541 59 
H(24B) 832 -2750 4313 59 
H(25A) 1723 -4250 4158 56 
H(25B) 2500 -3254 4151 56 
H(26A) 3216 -5477 4183 55 
H(26B) 4066 -5339 4408 55 
H(27A) 4949 -4765 4047 53 
H(27B) 3943 -4136 3940 53 
H(30) 6275 -3006 3831 65 
H(31) 7451 -1579 3834 77 
H(32) 7427 -355 4166 74 
H(33) 6211 -485 4502 58 
H(35) 3830 -4047 4732 39 
H(37A) 1767 -4076 4891 58 
H(37B) 2730 -3878 5084 58 
 SI 60 
H(38A) 1824 -2294 5229 95 
H(38B) 1238 -3368 5304 95 
H(38C) 825 -2679 5066 95 
H(1W1) 4550(30) 2170(60) 5376(12) 55 
H(1W2) 3460(40) 2130(60) 5395(11) 55 
H(2W1) 4030(80) 3520(50) 5102(15) 94 
H(11A) 5003 -873 5484 59 
H(11B) 6150 -1111 5369 59 
H(11C) 5971 -1087 5675 59 
H(13A) 4750 -3983 5205 28 
H(13B) 5796 -4328 5359 28 
H(14A) 5913 -3601 4835 39 
H(14B) 5783 -4829 4898 39 
H(14C) 6820 -4213 4989 39 
H(11D) 5019 -1291 5674 67 
H(11E) 5128 -2401 5529 67 
H(11F) 4991 -1341 5365 67 
H(13C) 8302 -1918 5338 47 
H(13D) 8115 -708 5261 47 
H(14D) 8631 -2339 4936 51 
H(14E) 8602 -1110 4867 51 
H(14F) 7556 -1807 4840 51 
H(21C) -386 -1071 4320 179 
H(21D) 784 -641 4272 179 
H(21E) -184 -144 4116 179 
H(23C) -285 920 4995 171 
H(23D) 779 1449 4890 171 
H(24C) 1677 -135 5093 203 
H(24D) 611 -240 5256 203 
H(24E) 1320 799 5281 203 
 

















































































































































Symmetry transformations used to generate equivalent atoms: #1 y,x,-z+1  
 
Table S17.  Hydrogen bonds for V20141  [Å and °]. 
____________________________________________________________________________  
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
____________________________________________________________________________  
 O(1)-H(1O)...O(1W) 0.86(3) 1.75(3) 2.608(5) 174(8) 
 C(6)-H(6B)...O(21S^a) 0.99 2.64 3.27(3) 121.7 
 C(26)-H(26A)...N(2)#2 0.99 2.67 3.592(8) 154.7 
 O(1W)-H(1W1)...N(4)#3 0.85(3) 1.96(4) 2.761(5) 158(7) 
 O(1W)-H(1W2)...N(1)#1 0.84(3) 1.92(3) 2.751(5) 172(7) 
 O(2W)-H(2W1)...O(1W) 0.86(3) 2.04(3) 2.892(6) 171(9) 
____________________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
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 13C NMR (100 MHz, CDCl3) of compound 12. 
 































































































































































































































 13C NMR (100 MHz, CDCl3) of compound 14. 
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